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Preface 


Requests  for  information  on  the  mechanical  and  related  properties  of  metals 
and  alloys  are  received  frequently  at  the  National  Bureau  of  Standards  from  other 
departments  of  the  Government,  from  industried  organizations,  and  from  individu- 
als engaged  in  research.  Such  information  is  rarely  found  in  systematic  form, 
and  the  sources  may  not  be  readily  available  to  the  individual  seeking  the  data. 

In  response  to  a request  in  1920  from  the  Smitlisonian  Instituticai  for  the 
assistance  of  the  National  Bureau  of  Standards  in  the  revision  of  the  Smithsonian 
Physical  Tables,  a compilation  of  the  available  information  on  the  properties  of 
materials  was  undertaken.  It  was  found  that  many  of  the  requests  received  at 
this  Bureau  for  data  on  the  mechanical  properties  of  metals  could  be  answered  by 
reference  to  the  tables  compiled  for  the  Smithsonian  Institution  and  they  were 
published  as  Physical  Properties  of  Materials,  Circular  ClOl  of  the  National 
Bureau  of  Standards.  The  first  edition  was  compiled  by  H.  A.  Anderson.  In  re- 
sponse to  the  continuing  demand  for  information  of  this  type,  a second  consider- 
ably expanded  edition  was  prepared  in  1924  by  S.  N.  Petrenko. 

Tlie  preparation  of  the  present  Circular  was  undertaken  to  bring  the  infor- 
mation up  to  date  by  the  inclusion  of  data  on  the  numerous  new  alloys  which  have 
been  introduced  since  1924.  Because  of  the  increasing  importance  of  knowledge 
of  the  properties  of  metals  at  high  and  low  temperatures,  the  tables  dealing 
with  materials  under  these  conditions  have  been  expanded.  In  response  to  re- 
quests for  information  on  electrical  and  thermsQ.  conductivities  and  thermal  ex- 
pansion in  connection  with  welding  problems,  tables  dealing  with  these  properties 
have  been  added.  The  tables  have  been  rearranged  to  assist  the  engineer  in  lo- 
cating, quickly,  data  on  any  desired  alloy. 

The  entire  manuscript  was  read  by  H.  S.  Rawdon,  W.  F.  Roeser,  and  G.  W.  Quick, 
the  portion  on  electrical  properties  by  F.  Wenner,  the  portion  on  thermal  expansion 
by  P.  Hidnert,  and  the  portion  on  thermal  conductivity  by  M.  S.  Van  Dusen.  The 
definitions  of  mechaniceil  properties  were  prepared  by  L.  B.  Tuckerman.  The  alu- 
minum section  was  read  by  R.  L.  Templin  of  the  Aluminum  Company  of  America,  the 
nickel  section  by  W.  A.  Mudge  and  E.  M.  Wise  of  the  International  Nickel  Co. 
Their  many  valuable  contributions  are  gratefully  acknowledged. 

The  cooperation  of  the  techhiceil  societies  and  publishers  who  granted  per- 
mission for  the  inclusion  of  material  in  this  Circular  is  greatly  appreciated. 
For  each  value  of  a property  in  this  Circular  the  source  is  given  in  a literature 
reference. 


(II) 


Lyman  J.  Briggs,  Director. 
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ABSTRACT 

This  Circular  Is  a summary  of  the  results  of  a 
comprehensive  survey  of  the  technical  literature  on 
the  strength  and  related  properties,  thermal  expan- 
sion, and  thermal  and  electrical  conductivities  of 
ferrous  and  nonferrous  metals  and  alloys  at  normal, 
high,  and  low  temperatures.  In  general,  the  data 
are  presented  In  tabular  form,  although  graphical 
representation  Is  often  used  to  Indicate  the  ef- 
fects of  changing  composition  or  conditions  on  the 
properties.  Data  on  aluminum,  copper.  Iron  and 
steel,  lead,  magnesium,  nickel,  tin,  zinc,  a number 
of  miscellaneous  metals,  and  their  alloys  are  in- 
cluded. The  Circular  is  not  limited  to  convention- 
al engineering  materials  but  contains  data  on  the 
properties  of  many  materials  not  usually  classed  as 
such.  Literature  references  to  the  sources  of  the 
data  are  Included. 

1.  INTRODUCTION 

Requests  are  received  frequently  at  the 
National  Bureau  of  Standards  for  informa- 
tion on  the  physical  and  mechanical  proper- 
ties of  materials.  In  the  past,  many  of 
these  requests  were  answered  by  reference 
to  Circular  ClOl,  which  had  been  compiled 
for  that  purpose.  The  last  edition  of  that 
Circular  was  issued  in  1924.  Since  that 
time,  metallurgical  progress  has  resulted 
in  the  development  of  many  new  materials 
such  as  light  alloys  for  aircraft, 
tungsten-carbide  cutting  tools,  steels  with 
low  creep  rates  for  high- temperature  in- 
dustrial equipment,  etc. 

With  the  entry  of  the  United  States  into 
the  war,  it  became  necessary  to  develop 
quickly  much  new  industrial  and  military 
equipment.  In  many  cases  the  selection  of 
materials  could  not  be  based  on  past  ex- 
perience, for  there  was  none.  Information 
on  the  properties  of  metals  may  serve  as  a 
guide  to  the  designing  engineer  and  the 
specification  writer  in  the  selection  of 
suitable  alloys  and  may  assist  in  the 
pressing  problem  of  the  substitution  of 
less  critical  materials  in  order  to  bring 
about  conservation  of  those  which  are  more 
critical. 

This  Circular  is  a summary  of  the  re- 
sults of  a comprehensive  survey  of  the 
technical  literature  and  other  sources  on 


the  strengtn  and  related  properties  of 
metals  and  alloys.  Other  properties,  such 
as  electrical  conductivity  and  thermal  ex- 
pansion, which  are  useful  in  the  design  of 
structures  have  been  included.  The  Circu- 
lar has  not  been  limited  to  the  metals  and 
alloys  usually  considered  engineering  mate- 
rials but  includes  data  on  many  which,  for 
economic  or  other  reasons,  are  not  ordi- 
narily classed  as  such. 

II.  SELECTION  OF  THE 
DATA 

In  general,  the  data  were  selected  from 
those  published  in  the  technical  litera- 
ture, and  reference  to  the  source  is  given. 
If  available,  the  composition,  size  and 
shape  of  the  material,  and  treatment  have 
been  included.  As  far  as  possible,  data 
from  aetual  tests  are  given  rather  than  the 
specification  or  average  properties  which 
are  available  in  numerous  handbooks  and 
manufacturers'  catalogs.  However,  in  some 
cases  actual  test  data  were  not  found  in 
the  recent  literature,  and  it  has  been 
necessary  to  include  average  properties. 
These  properties  were  obtained  from  engi- 
neering handbooks  or  trade  magazines. 

A word  of  caution  should  be  directed  to 
those  using  the  values  reported  herein. 
Tensile  and  hardness- testing  procedures  at 
room  temperature  have  been  well  standard- 
ized throughout  the  world,  and  direct  com- 
parison of  these  properties,  regardless  of 
by  whom  determined,  may  be  made  with  some 
degree  of  confidence.  However,  impact, 
shear,  and  many  other  mechanical  tests  have 
not  been  standardized  even  within  the 
United  States.  The  validity  of  the  com- 
parison of  such  values  obtained  by  differ- 
ent investigators  for  various  materials  is 
therefore  somewhat  uncertain. 

A recent  American  Society  for  Testing 
Materials'  symposium  T 1] ^ is  of  interest  in 

^Figures  In  brackets  appearing  throughout  the 
text  and  tables  Indicate  the  numbered  references  In 
the  list  at  the  end  of  this  Circular, 


the  application  of  tensile-test  results  to 
design.  The  significance  of  the  strength 
and  ductility  values  is  discussed  by  a 
number  of  engineers,  and  the  ideas  advanced 
are  of  particular  value  to  the  designer 
seeking  to  use  materials  in  new  applica- 
tions. It  was  not  practicable  to  summarize 
this  information  in  a suitable  form  in  this 
Circular.  P"or  further  information  on  the 
subject,  the  original  series  of  papers 
should  be  consulted. 

The  properties  of  engineering  materials 
vary  considerably,  and  the  compilers  have 
tried  to  select  reliable  sources  of  infor- 
mation and  to  reproduce  accurately  tne 
values  given  in  the  original  source.  The 
selections  are  the  most  probable  values 
that  can  be  obtained  under  the  given  con- 
ditions and  are  intended  to  be  representa- 
tive of  the  material. 

Specifications  issued  by  the  Government 
and  various  organizations  usually  present 
the  lainimum  strengths  which  are  acceptable. 
As  most  of  the  strength  values  given  in 
this  Circular  are  the  results  of  ^tual 
tests,  they  will  usually  be  higher  than 
those  given  in  specifications. 

III.  ORGANIZATION  OF 
THE  DATA 

The  Circular  is  divided  into  a number  of 
sections,  each  devoted  to  the  properties  of 
one  of  the  major  industrial  metals  and  its 
alloys  with  an  additional  section  dealing 
with  the  less  common  metals  and  alloys. 
Each  section  is  introduced  by  a table  of 
the  chemical  compositions  of  some  commer- 
cial materials,  with  applicable  specifica- 
tion designations  of  various  organizations. 
These  tables  are  included  to  assist  the 
engineer  in  locating  specifications,  but 
they  should  not  be  considered  a complete 
listing  of  either  commercial  materials  or 
specifications.  Classification  is  made  on 
the  basis  of  composition,  that  is,  alloys 
in  which  the  major  constituent  is  aluminum 
will  be  found  in  the  aluminum  section. 
Within  each  section,  except  in  a few  cases, 
the  materials  are  arranged  alphabetically 
in  order  of  the  predominating  alloying 


element,  and  the  arrangement  for  a given 
predominating  alloying  element  is  in  order 
of  the  increasing  content  of  this  element. 
No  attempt  has  been  made  to  include  trade 
names  of  materials.  Occasionally  one  is 
given  if  it  is  in  general  use  or  the  com- 
position is  unknown.  For  a comprehensive 
list  of  trade  names  and  corresponding  com- 
positions, reference  should  be  made  to 
"Ehgineering  Alloys"  by  Woldman  and  Dorn- 

blatt  [2]. 

The  units  of  measurement  selected  comply 
with  those  which  appear  most  frequently  in 
American  practice  as  determined  by  the  in- 
spection of  numerous  handbooks  and  other 
publications,  with  the  exception  of  the 
kip  (1  kip  = 1,000  pounds) . 

Due  to  space  limitations,  it  has  been 
necessary  to  use  a number  of  abbrevia- 
tions, particularly  in  describing  the  con- 
dition of  materials  in  the  tables  (see  list 
on  page  461).  The  arrangement  of  informa- 
tion is  as  follows:  shape,  size,^  condi- 
tion, and’ heat-treatment  of  the  material 
tested. 

Examples: 

Bar,  1/2  in.  diam,  cold-rolled  (50% 
red.)  indicates  a bar  which  has  been  re- 
duced 50  percent  in  cold- rolling  to  a di- 
ameter of  1/2  in. 

Bar,  1/2  in.  diam,  cast;  ann  1 hr  at 
1,600°F  indicates  a cast  bar,  1/2  in.  in 
diameter,  which  has  been  annealed  1 hr  at 
1,600°F. 

Graphical  representation  has  been  used 
in  many  cases  to  correlate  the  properties 
with  composition,  heat-treatment,  or  other 
factors.  Tlie  curves  have  been  redrawn  from 
the  original  data  to  obtain  uniformity  and 
to  assure  the  use  of  a minimum  number  of 
scales.  Values  may  be  read  from  the  curves 
with  sufficient  accuracy  for  practical 
use. 

The  majority  of  test  specimens  used  in 
the  determination  of  the  tensile  data  re- 
ported herein  from  American  sources  con- 
formed to  the  recommendations  of  the  Amer- 
ican Society  for  Testing  Materials  [3]. 

^0  t size  of  specimen. 


The  values  have  been  rounded  off  somewhat, 
for  exaiiiple,  stresses  above  100  kips/in.  2 
are  reported  to  the  nearest  kip  per  square 
inch;  similarly,  elongation  and  reduction- 
of-area  values  above  10  percent  are  re- 
ported to  the  nearest  1 percent. 

IV.  DEFINITIONS  AND 
DISCUSSION 

The  following  definitions  govern  the  use 
of  terms  in  this  Circular. 

1.  Stress 

The  stress  at  a point  in  a body  is  the 
Intensity  of  the  internal  force  or  com- 
ponent of  force  which  acts  on  a given  plane 
(area)  through  the  point.  Stress  is  ex- 
pressed as  force  per  unit  of  area  (kips  per 
square  inch,  etc.)  and  is  usually  referred 
to  the  original,  unstressed  area. 

The  stress  or  componoit  of  stress  acting 
normal  to  a given  area  is  called  the 
tensile  or  the  compressive  stress  on  the 
area.  The  stress  or  component  of  stress 
acting  tangaitial  to  » given  area  is  called 
the  shearing  stress  on  the  area. 

In  general,  the  values  of  six  components 
of  stress,  three  normal  stresses,  and  three 
shearing  stresses,  referred  to  some  definite 
set  of  coordinate  axes,  are  necessary  for 
the  complete  description  of  the  state  of 
stress  at  a point  in  a body. 

2.  Strain 

A linear  strain  at  a point  in  a body  is 
the  change  per  unit  of  length  of  a linear 
dimension  through  the  point.  A shearing 
strain  at  a point  in  a body  is  the  change 
(expressed  in  radians)  in  a right  angle  at 
the  point.  Strain  is  a nondimensional 
quantity,  but  it  is  sometimes  reported  as 
"inches  per  inch,"  etc.  When  a linear 
strain  is  produced  by  forces  acting  on  the 
body,  it  is  called  a tensile  or  compressive 
strain. 

In  general,  the  values  of  six  components 
of  strain,  three  linear  strains,  and  three 
shearing  strains,  referred  to  some  definite 
set  of  coordinate  axes,  are  necessary  for 


the  complete  description  of  the  state  of 
strain  at  a point  in  a body.  When  condi- 
tions are  such  that  the  complete  state  of 
strain  is  known  when  one  component  of 
strain  is  known,  it  is  usual  to  call  that 
conponent  of  strain  "the  strain."  This  is 
the  case  in  the  ordinary  tensile,  compres- 
sive, and  torsional  test. 

3.  Stress-Strain  Diagram 

A stress-strain  diagram  is  a diagram  in 
which  corresponding  values  of  stress  and 
strain  are  plotted  against  each  other.  It 
is  the  custom  to  plot  values  of  strain  as 
abscissas  and  corresponding  values  of 
stress  as  ordinates .- 

4.  Yield  Point 

The  yield  point  is  a stress  less  than 
the  maximum  attainable  stress,  at  which  an 
increase  in  strain,  or  yielding,  occurs 
without  an  increase  in  stress.  Only 
certain  materials  exhibit  this  phenomenon, 
notably  the  mild  steels.  For  some  mate- 
rials, as  load  is  applied,  first  yielding 
is  followed  by  a marked  decrease  in  stress 
and  considerable  yielding  at  this  approxi- 
mately constant  lower  stress.  For  these 
materials  a distinction  may  be  made  between 
"upper"  and  "lower"  yield  points. 

There  are  three  methods  in  general  use 
for  the  determination  of  the  yield  points: 
The  drop-of- the-beam  method,  the  total- 
strain  method  with  dividers,  and  the  total- 
strain  method  with  an  extensometer.  In 
materials  having  an  upper  and  a lower  yield 
point,  it  is  usually  the  upper  yield  point 
that  is  determined  by  these  methods. 

Occasionally  values  for  yield  point  have 
been  reported  in  the  literature  for  mate- 
rials the  stress-strain  diagrams  of  which 
are  smooth  and  of  gradual  curvature  in  the 
region  of  the  yield  point  reported.  The 
term,  unless  qualified  as  to  the  method  of 
determination,  is  practically  meaningless 
for  such  materials. 

In  the  tables  in  this  Circular,  yield 
points  have  been  listed  in  the  column  head- 
ed "Yield  strength,"  but  they  have  been 
identified  as  yield  points. 


5.  Yield  Strength 

The  yield  strength  is  a stress  less  than 
the  maximum  attainable  stress,  at  which  the 
ratio  of  stress  to  strain  has  dropped  well 
below  its  value  at  low  stresses.  It  is  not 
an  inherent  property  of  the  material,®  like 
yield  point,  and  it  is  necessary  to  specify 
the  yield  strength  in  an  arbitrary  manner. 
There  are  three  common  methods  by  which 
this  has  been  done:  The  "set  method, " the 
"offset  method, " and  the  "extension-under- 
load method. " 

In  the  set  method  the  yield  strength  is 
specified  as  the  stress  at  which  upon  re- 
moval of  load  the  material  exhibits  a spe- 
cified permanent  set,  that  is,  permanent 
strain.  In  practice,  the  yield  strength, 
when  so  specified,  is  determined  with  the 
aid  of  an  extensometer.  A suitable,  small 
initial  load  is  applied  to  a specimen  of 
the  material,  and  the  extensometer  is  read. 
Higher  loads  are  then  applied  in  suitable 
steps,  and  after  each  such  load  the  load  is 
reduced  to  the  initial  load  and  the  exten- 
someter read  again.  When  this  extensometer 
reading  exceeds  the  initial  reading  by  an 
amount  indicating  the  specified  permanent 
set,  the  maximum  stress  produced  prior  to 
the  final  extensometer  reading  is  recorded 
as  the  yield  strength. 

In  the  offset  method  the  yield  strength 
is  specified  as  the  stress  at  which  stredn 
exceeds  by  a specified  amount  the  strain 
which  would  be  produced  if  the  ratio  of 
stress  to  strain  remed.ned  constant  and 
equal  to  its  value  at  low  stresses.  When 
so  specified,  the  yield  strengtli  is  deter- 
mined from  a stress-strain  diagram,  figure 
1.  At  a specified  offset,  Om,  (usually  0.1 
or  0.2  percent)  a line  mn  is  drawn  parallel 
to  OA,  the  approximately  straight,  initial 
portion  of  the  stress-strain  diagram.  The 
stress  corresponding  to  the  intersection 
r of  mn  with  the  stress-strain  diagram  is 
taken  as  the  yield  strength.  In  figure  1, 
Hr  is  parallel  to  the  axis  of  strain,  and 
OR  is  the  yield  strength. 

In  the  extenslon-under-load  method  the 
yield  strength  is  specified  as  the  stress 

^Except  for  materials  having  a yield  point.  For 
such  materials  the  yield  strength  would  be  the 
yield  point  or  lower  yield  point. 


at  which  a specified  strain  is  reached.  In 
determining  a yield  strength  so  specified, 
the  load  is  increased  until  the  specified 
strain  (most  commonly  0.5  percent)  is 
reached,  and  the  corresponding  stress  is 
recorded  as  the  yield  strength. 


Figure  1. — Stress- strain  diagram. 


Tne  American  Society  for  Testing  Mate- 
rials [3]  considers  the  yield  strength  to 
be  "the  stress  at  which  a material  exhibits 
a specified  limiting  permanent  set. " It 
has  ordinarily  been  assumed  that  the  stress 
producing  a permanent  set  of  the  order  of 
0.2  percent  or  more  was  approximately  equal 
to  the  stress  corresponding  to  an  off- 
set of  the  same  amount.  However,  Smith 
[5],  has  shown  that  for  certain  hard-drawn 
copper  alloys  the  stress  producing  a 0.2- 
percent  permanent  set  may  be  appreciably 
hi^er  than  the  stress  corresponding  to  an 
offset  of  0.2  percent.  It  is  known  that 
for  some  materials,  for  very  small  Values 
of  set  and  offset,  the  stress  producing  a 
given  set  is  not  even  approximately  equal 
to  the  stress  corresponding  to  an  offset  of 
the  same  value.  If  the  extension-under- 
load method  is  used  as  a measure  of  perma^ 
nent  set,  it  is  recognized  as  only  approxi- 
mate. This  method  is  so  used  only  for 
limited  types  of  materials  the  stress- 
strain  characteristics  of  which  are  well 
known  from  previous  tests  of  similar  mate- 
rial for  which  stress-strain  diagrams  were 
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plotted.  Specifications  for  a number  of 
copper  alloys  are  written  on  this  basis. 

In  this  Circular  the  values  reported  for 
yield  strength  have  been  distinguished  as 
determined  by  permanent  set,  offset,  or 
extension-under-load,  if  this  information 
was  available.  Where  the  method  was  not 
given  specifically  in  the  literature,  the 
values  were  sometimes  given  as  yield 
strength  at  a certain  percentage,  thus, 
yield  strength  (0.2%),  and  they  are  so  re- 
ported here.  In  other  cases,  where  no 
further  information  was  given,  they  are 
reported  simply  as  yield  strength. 

6.  "Proportional  Limit” 

The  "proportional  limit"  is  defined  by 
the  American  Society  for  Testing  Materials 

[3]  as  "the  greatest  stress  which  a mate- 
rial is  capable  of  developing  without  a 
deviation  from  the  law  of  proportionality 
of  stress  to  strain  (Hooke's  Law)." 

Many  experiments  have  shown  that  for 
ordinary  structural  materials  no  such  def- 
inite limit  exists.  All  known  structural 
metals  have  curved  stress-strain  diagrams, 
and  the  values  of  proportional  limit  deter- 
mined from  them  will  depend  on  the  minimum 
departure  from  a strai^t  line  that  can  be 
detected  by  the  methods  used.  Templin 

[4] ,  for  example,  has  shown  how  widely  the 
proportional  limit  determined  from  stress- 
strain  diagrams  varies  with  the  sensitivity 
and  accuracy  of  the  testing  equipment  used, 
the  eccentricity  of  loading,  the  scale  on 
which  the  stress-strain  diagram  is  plotted, 
and  other  factors. 

The  proportional  liioit  as  usually  deter- 
mined may  be  regarded  as  a special  value  of 
the  yield  strength  determined  by  the  offset 
method  for  a low  value  of  offset. 

If  particular  importance  is  to  be  at- 
tached to  values  of  the  proportional  limit, 
the  original  references  should  be  consulted 
for  the  details  of  the  method  and  the 
equipment  used  in  determining  them.  If 
these  details  are  not  given,  the-  values  can 
only  represent  an  indefinite  upper  limit 
beyond  which  the  material  definitely  showed 
indications  of  departure  from  Hooke's  Law. 


7.  Elastic  Limit 

The  elastic  limit  is  the  greatest  stress 
to  which  a material  may  be  subjected  with- 
out developing  a permanent  set  upon  removal 
of  the  load. 

It  is  questionable  whether  such  a def- 
inite limit  exists  in  ordinary  structural 
materials.  The  value  determined  by  meas- 
uring the  set  may  vary  widely  depending  on 
the  saisitivity  and  accuracy  of  the  strain 
gage  used  to  measure  first  permanent  set. 

The  elastic  limit  as  usually  determined 
may  be  regarded  as  a special  veilue  of  the 
yield  strength  determined  by  the  set  method 
for  a low  value  of  set. 

Since  practically  no  distinction  between 
elastic  limit  and  proportional  limit  can  be 
made,  the  elastic  limit  has  been  reported 
in  the  column  of  proportional  limits.  If 
peirticular  importance  is  to  be  attached  to 
values  of  the  elastic  limit,  the  original 
references  should  be  consulted  for  the 
details  of  the  method  and  the  equipment 
used  in  determining  them.  If  these  details 
are  not  given,  the  values  can  only  repre- 
sent an  indefinite  upper  limit  beyond  which 
the  materieil  definitely  showed  indications 
of  inelastic  bdaavior. 

8.  Tensile,  Compressive,  or  Shearing 
Strength 

The  tensile,  the  compressive,  or  the 
shearing  strength  is  the  maximum  stress 
that  can  be  developed  in  the  respective 
test,  the  load  being  referred  to  the  origi- 
nal cross-sectional  area. 

9.  Elongation 

In  tensile  testing  the  elongation  of  a 
specimen  is  the  increase  in  gage  length, 
after  rupture,  referred  to  the  original 
gage  length.  It  is  reported  eis  percentage 
elongation. 

The  tandard  round  tensile  specimen 
used  in  the  United  States  has  a diameter 
of  0.500  ± .01  in.  and  a gage  length  of 
2 in.  Values  of  elongation  determined 
on  round  specimens  larger  or  smaller  than 
this  size  are  not  directly  comparable 
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unless  they  have  gage  lengths  equal  to 
4 times  the  diameter,  equivalent  to 
4.5  / cross-sectional  area.  Even  when  these 
dimensionally  similar  specimens  are  used, 
the  values  determined  from  undersized  spec- 
imens may  differ  considerably  from  those 
determined  on  specimens  of  standard  size. 
Tensile  specimens  used  in  foreign  countries 
have  different  relationships  between  the 
gage  length  and  the  cross-sectional  area, 
and  values  of  elongation  reported  in  this 
Circular  are  not  comparable  with  values  re- 
ported for  American  standard  specimens. 
Specimens  of  sheet  and  plate  usually  have 
gage  lengths  of  2 or  8 in.,  and  values  of 
elongation  obtained  on  these  materials  are 
seldom  directly  comparable. 

In  this  Circular  the  gage  length,  if 
available,  is  given  in  the  column  of  elon- 
gations, thus,  4/ area,  which  indicates  a 
gage  length  equal  to  4 times  the  square 
root  of  the  original  cross-sectional  area. 
If  no  gage  length  is  indicated,  none  ap- 
peared in  the  original  reference. 

10.  Reduction  of  Area 

In  tensile  testing  the  reduction  of  area 
of  a specimen  is  the  ratio  of  the  differ- 
ence between  the  original  cross-sectional 
area  of  the  specimen  and  the  cross-sectional 
area  after  rupture,  to  the  original  cross- 
sectional  area.  It  is  reported  as  the  per- 
centage reduction  of  area. 

Values  of  reduction  of  area  on  specimens 
of  different  sizes  are  more  nearly  compara- 
ble than  are  values  of  elongation.  Meas- 
urement of  reduction  of  area  is  difficult 
and  uncertain  on  sheet  and  plate  material 
and  values  are  seldom  reported. 

11.  Modulus  of  Elasticity 

The  tangent  modulus  of  elasticity  at  any 
given  stress  is  the  slope  of  the  stress- 
strain  diagram  at  that  stress. 

The  secant  modulus  of  elasticity  at  any 
given  stress  is  the  ratio  of  that  stress 
to  the  corresponding  strain. 

The  moduli  of  elasticity  ordinarily  re- 
ported are  either  tangent  moduli  at  zero 


stress  or  secant  moduli  determined  from 
the  nearly  straight,  lower  portion  of  the 
stress-strain  diagram.  These  differ  so 
little  for  ordinary  engineering  purposes 
that  they  may  be  considered  identical  and 
are  commonly  called  "the  modulus  of  elas- 
ticity. " No  distinction  between  them  is 
made  in  this  Circular. 

Two  different  moduli  of  elasticity  are 
ordinarily  reported:  The  modulus  of  elas- 
ticity in  tension  or  compression,  also 
called  Young's  modulus;  and  the  modulus  of 
elasticity  in  shear,  also  called  the  mod- 
ulus of  rigidity.  The  moduli  of  elasticity 
in  toasion  and  compression  are  the  same  or 
not  significantly  different  for  most  met- 
als. The  modulus  of  elasticity  in  shear 
is  ordinarily  determined  from  a torsional 
test  on  a round  bar  or  tube.  When  so  de- 
termined, the  modulus  of  elasticity  in 
shear  is  obtained  from  the  formula 

T 

G= ’ 

J e 

where 

G = modulus  of  elasticity  in  shear, 

T = applied  torque, 

e = angle  of  twist  in  radians,  per  unit 
of  length, 

J - torsional  constant  of  the  section, 
which  in  the  case  of  a solid  or  hol- 
low circular  section  is  the  polar 
moment  of  Inertia  of  the  cross- 
sectional  area  with  respect  to  the 
axis  of  the  specimen. 

By  plotting  test  values  of  T against  0, 
G is  obtained  as  the  slope  of  the  nearly 
straight  portion  of  the  curve,  divided  by  J. 

12.  Poisson' s Ratio 

The  elongation  or  shortening  of  a bar 
under  axial  stress  is  accompanied  by  a re- 
duction or  an  increase,  respectively,  of 
the  lateral  dimensions.  The  ratio  of  the 
lateral  strain  to  the  corresponding  axial 
strain  is  known  as  Poisson's  ratio. 

In  an  isotropic  material,  for  small 
strains  where  the  stress  is  practically 


proportional  to  the  strain,  the  following 
theoretical  relation  exists. 

E 

^ ~ “2^  " 

where 

p.  - Poisson's  ratio, 

E - modulus  of  elasticity  in  tension  or 
compression, 

G - modulus  of  elasticity  in  shear. 


13.  Bending  Strength 

The  strength  of  a material  in  bending 
is  usually  computed  from  the  beajn  formula. 


test  of  a round  solid  or  hollow  specimen, 
and  the  strength  is  computed  from  the  tor- 
sional formula  for  circular  sections 


where 

S t = modulus  of  rupture  in  torsion, 

E ^ - maximum  torsional  moment  that  can 
be  sustained, 

Sj  = torsional  section  factor  of  the 
cross  section,  which  in  the  case 
of  a solid  or  hollow  circular 
cylinder  is  equal  to  the  polar 
moment  of  inertia  divided  by  the 
radius  or  outer  radius  of  the 
section. 


where 

S = modulus  of  rupture, 

M - maximum  bending  moment  that  can  be 
sustained, 

C = distance  from  the  neutral  axis  to  the 
extreme  fiber, 

I = moment  of  inertia  of  the  cross- 
sectional  area  with  respect  to  the 
neutral  axis. 

The  modulus  of  rupture  is  thus  a nominal 
stress,  the  nominal  maximum  stress  in  the 
specimen  at  failure,  since  the  beam  formula 
is  based  on  the  assumption  that  stress  is 
proportional  to  strain,  whereas  this  as- 
sumption is  usually  far  from  valid  under 
conditions  at  failure.  The  actual  maximum 
stress  at  failure  may  be  much  smaller  than 
the  modulus  of  rupture. 

A balding  test  is  frequently  used  in  the 
testing  of  brittle  materials.  As  applied 
to  cast  iron,  specimens  are  cast,  or  cast 
slightly  oversize  and  skin  machined,  to 
0.875,  1.20,  or  2.00  in.  in  diameter  and 
tested  under  central  loading  between  sup- 
ports 12,  18,  or  24  in.  apart,  respective- 
ly. For  a round  bar  tested  under  central 
loading 

Modulus  of_  2. 55  X maximum  load  x span 
rupture  (diameter)  ^ 

14.  Torsional  Strength 

The  strength  of  a material  in  torsion 
is  usually  determined  from  a torsional 


As  in  the  case  of  bending,  the  modulus  of 
rupture  in  torsion  is  a nominal  stress,  the 
nominal  maximum  shearing  stress  in  the 
specimen  at  failure,  since  the  torsional 
formula  is  based  on  the  assumption  that 
stress  is  proportional  to  strain,  whereas 
this  assumption  is  usually  far  from  valid 
under  conditions  at  failure.  The  actual 
maximum  shearing  stress  at  failure  may  be 
much  smaller  than  the  modulus  of  rupture  in 
shear.  For  a solid  round  bar 

Modulus  of  rup-_  5.09  x maximum  torque 
ture  in  shear  (diameter) ® 

For  round  solid  specimens  of  ductile 
materials  a "torsional  strength"  is  some- 
times computed  from  the  formula 


where 

Sy  = "torsional  strength," 

= maximum  torsional  moment  that  can 
be  sustained, 

c = radius  of  the  specimen, 

J = polar  moment  of  inertia  of  the 
cross-sectional  area  with  respect 
to  the  axis  of  the  specimen. 

This  formula  assumes  that  at  failure  all 
the  material  in  the  specimen  is  equally 
stressed  in  shear.  The  "torsional  strength" 
so  computed  will  be  smaller  than  the  aetueil 
maximum  shearing  stress  in  the  specimen  at 
failure,  but  experiments  indicate  that  it 


differs  less  from  the  shearing  strength 
determined  by  other  methods  than  the  mod- 
ulus of  rupture  in  shear  determined  from  a 
solid  specimen.  This  torsional  strength 
may  be  expressed  as 

3. 82 X maximum  torque 
S ip  — ' • 

(diameter)  ^ 

15.  Ej^durance  Limit 

The  endurance  limit  is  the  stress  below 
wlriich  a material  will  withstand  an  indef- 
initely large  number  of  cycles  of  stress 
without  failure.  At  present,  it  is  gaier- 
ally  believed  that  most  ferrous  materials 
have  true  endurance  limits,  that  is,  limits 
below  which  "fatigue-failure"  will  not 
occur.  Most  nonferrous  metals  are  believed 
not  to  have  true  endurance  limits,  and  the 
property  may  be  expressed  only  as  a func- 
tion of  the  number  of  cycles  to  which  the 
test  has  been  carried.  Generally,  the  min- 
imum number  of  cycles  used  for  endurance- 
limit  determinations  on  ferrous  materials 
reported  in  this  circular  was  10,000,000. 
If  available,  the  number  of  cycles  to  which 
tests  on  nonferrous  materials  were  carried 
has  been  included  thus:  (10®)  indicates 
that  the  results  are  based  on  100,000,000 
cycles  of  stress. 

Moore  and  Kommers  [6]  have  classified  the 
methods  of  performing  endurance  tests  ac- 
cording to  the  type  of  stress  as  follows: 

(a)  Flexural,  (b)  axial,  and  (c)  torsional. 

Unless  otherwise  stated,  the  aidurance 
limits  given  in  this  Circular  were  deter- 
mined for  cycles  of  flexural  stress  on  un- 
notched, polished  specimens. 

16.  Hardness 

The  term  "hardness"  as  used  in  this 
Circular  is  the  resistance  of  a material 
under  load  to  plastic  deformation  by  inden- 
tation. Hardness  numbers,  which  are  meas- 
ures of  this  type  of  hardness,  are  reported 
here  in  one  of  four  systems,  (a),  (b),  (c) , 
(d) , as  follows: 

(a)  Brinell  llumher 

The  test  for  determining  the  Brinell 
number  of  metallic  materials  consists  in 


applying  a known  load  for  a specified  time 
to  the  surface  of  the  material  to  be  tested 
through  a hardened  steel  ball  of  known  di- 
ameter. The  diameter  of  the  resulting  per- 
manent impression  in  the  metal  is  measured. 
The  Brinell  number  in  kilograms  per  square 
millimeter  is  calculated  as  follows: 

p 

Brinell  number  = -■  , 

rr^{D-/D^-d^ 

where 

P = applied  load  in  kilograms, 

D - diameter  of  the  ball  in  millime- 
ters, 

d = diameter  of  the  ball  impression  in 
millimeters. 

A ball  10  mm  in  diameter  and  a load  of 
3,000  kg  for  hard  materials  and  500  kg  for 
soft  materials  is  standard  practice.  If 
other  than  a 10-mm  ball  or  a load  of  3,000 
kg  is  used,  it  should  be  specifically  stat- 
ed. 

(b)  Vickers  Number 

The  principles  involved  in  testing  by 
the  Brinell  and  Vickers  methods  are  prac- 
tically identical.  In  the  Vickers  method, 
the  indenter  is  a diamond,  cut  and  polished 
to  the  shape  of  a square-based  pyramid  with 
an  angle  of  136°  between  pairs  of  opposite 
faces.  The  load  applied  for  a specified 
time  (usually  10  seconds)  may  be  varied 
from  1 to  120  kg.  For  uniform  (not  case- 
hardened)  materials,  Vickers  numbers  are 
almost  constant,  regardless  of  the  load  ap- 
plied. The  Vickers  and  the  3,000-kg  Brinell 
numbers  on  steels  are  practically  idaitical 
up  to  a hardness  number  of  about  300. 

(c)  Rockwell  Number 

The  Rockwell  hardness  tester  is  essen- 
tially a machine  that  measures  hardness  by 
determining  the  difference  of  the  depth  of 
penetration  under  a minor  and  a major  load 
of  a steel  ball  or  a spheroconic.al  diamond 
point  (Brale)  into  the  specimen  under  cer- 
tain arbitrary,  fixed  conditions  of  test. 
The  hardness  is  expressed  as  a number  that 
is  derived  by  subtracting  this  difference 
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from  an  arbitrary  constant.  The  following 
scales  have  been  adopted  by  the  American 
Society  for  Testing  Materials  [3] : 


Seal  e 

Penetrator 

Major 

load 

Scale  used  for 

readings 

A 

Diamond  (Brale).... 

60 

B1  ack. 

R 

100 

c 

Diamond  (Brale).... 

150 

B1  ack. 

D 

ion 

Do. 

K 

]/8-in.  ball 

100 

F 

l/l&-in.  ball 

60 

Do. 

G 

lf=»0 

Do. 

H 

l/8-in.  ball 

60 

Do. 

/r 

IPWl 

Do. 

L 

l/4-ln.  ball 

60 

Do. 

M 

Do. 

p 

150 

Do. 

R 

1/2-in.  ball 

60 

Do. 

s 

100 

Do. 

F 

. . . do 

150 

Do. 

The  Rockwell  superficial  hardness  test 
is  similar  to  the  regular  Rockwell  test  but 
is  used  where  shallow  penetration  is  de- 
sired, as  on  thin  sheet,  or  to  determine 
surface  hardness.  The  scales  are  desig- 
nated as  follows: 


Scale 

Penetrator 

Major  load 

kg 

15N 

Diamond  (N  Brale) 

15 

30N 

. . . do 

30 

45N 

. . . do 

45 

15T 

l/16-ln.  ball 

15 

30T 

. . . do 

30 



45 

(d)  Scleroscope  Number 


produced  by  the  different  methods  of  deter- 
mining hardness  numbers,  no  conversion 
tables  can  be  prepared  that  will  accurately 
convert  readings  on  all  materials  in  one 
system  under  one  load  to  readings  on  the 
same  materials  in  another  system  or  the 
same  system  under  another  load. 

Tor  some  limited  classes  of  materials, 
conversion  tables  between  systems  accurate 
enough  for  most  practical  purposes  have 
been  determined.  Available  conversion 
tables  are  listed  later  (see  pages  7 2 and 
168)  . 

Petrenko  [7]  developed  a number  of  equa- 
tions for  conversion  from  Brinell  to  Rock- 
well numbers  that  will  give  results  with  an 
error  not  greater  than  ±10  percent.  These 
equations  are 

Brinell  number  = — 7300 — 

130- Rb 


for  values  of  Rg  greater  than  40  and  less 
than  100, 


Brinell  number  = 


1,520,000  - 4500  Rg 
(100-  Rc)^ 


for  values  of  Rc  greater  than  10  and  less 
than  40, 

25,000  - 10  (57  - /?c)  ^ 

Brinell  number  = 

100 -Rc 

for  values  of  Rq  greater  thaii  40  and  less 
than  70, 


Brinell  number  = 


3710 
130  - Rg 


for  values  of  Rg  greater  than  30  and  less 
than  100. 

In  this  Circular,  unless  otherwise 
marked,  the  numbers  are  Brinell  numbers. 
For  numbers  other  than  Brinell,  the  follow- 
ing abbreviations  are  used; 


In  the  scleroscope  test  the  height  of 
rebound  of  a diamond- pointed  hammer  falling 
freely  on  the  object  from  a fixed  height  is 
measured.  The  number  is  read  on  an  empir- 
ical scale  on  which  the  average  number  of 
quenched  hi^-carbon  steel  equals  100. 


Rg,  Rq,  etc. .. Rockwell  B number,  Rock- 


well C number,  etc. 

S Scleroscope  number. 

V Vickers  number. 


17.  Impact  Value 


(e)  Hardness  Conversion 

Impact  testing  is  used  frequently  to 
Since  different  distributions  of  stress  compare  various  materials  or  to  determine 

and  different  amounts  of  cold-work  are  the  effects  of  temperature  or  other  factors 


on  a metal.  The  test,  which  is  an  indi- 
cation of  the  brittleness  or  notch- 
sensitivity  of  a material,  consists  usually 
of  the  determination  of  the  energy  absorbed 
in  breaking  a notched  specimen  by  a single 
blow.  The  results  of  the  tes.t  are  stated 
only  in  terras  of  impact  value,  indicative 
of  the  total  energy  to  break  a standard 
specimen  by  a single  blow  under  standard 
conditions  and  should  not  be  generalized 
and  applied  quantitatively  to  other  sizes 
of  test  specimens  or  other  conditions.  Al- 
thougn  tnere  are  a number  of  methods  of 
performing  the  impact  test,  those  in  gen- 
eral use  are  (a)  simple-beam  test  (Charpy) , 
and  (b)  cantilever-beam  test  (Izod) . 

Impact  values  are  generally  reported 
herein  as  determined  by  tlie  Charpy  method 
(unmarked)  or  by  the  Izod  method  (prefixed 
Iz)  on  standard  notched  specimens.  A number 
of  European  tests  are  reported  as  notch- 
impact  value  in  meter-  or  centimeter- 
kilograms  per  square  centimeter  and  have 
not  been  converted  to  the  customary  Amer- 
ican unit  (foot-pounds) . 

18.  Erichsen  Value 

The  Erichsen  test  for  forming  quality  is 
conducted  by  supporting  a sample  of  sheet 
metal  on  a circular  ring  and  deforming  the 
saiiiple  at  tne  center  of  the  ring  by  a spher- 
ically pointed  tool.  Tne  depth  of  the  im- 
pression (or  cup)  in  millimeters  at  frac- 
ture is  the  Erichsen  value  of  tne  material 
and  is  indicative  of  the  forming  qualities. 

19.  Bend  Number 

The  bend  number  is  the  number  of  re- 
versed bends  through  a specified  angle 
(usually  90°)  about  a specified  radius  to 
which  a specimen  can  be  subjected  without 
fracture. 

In  this  Circular  when  bend  numbers  are 
reported  without  the  radius  of  bend,  this 
information  was  not  available. 

20.  Creep  Strength  (Long-Time 
Tensile  Strength) 

The  creep  test  is  used  to  determine  the 
combined  effect  of  time,  temperature. 


and  stress  on  the  flow  of  a material. 
As  usually  conducted,  the  rate  of  flow 
is  determined  for  a constant  tempera- 
ture and  stress.  A strain-time  curve 
plotted  for  most  metals  shows  three  stages; 
an  initial  rapid  but  decreasing  creep  rate 
is  followed  by  a period  of  approximately 
constant  rate  which  eventually  increases 
until  failure  occurs.  In  general,  the 
rate  during  the  second  period  is  used 
to  determine  the  "creep  rate"  for  a given 
stress,  and  the  test  is  usually  discon- 
tinued after  this  rate  has  been  estab- 
lished. In  American  practice,  creep  rates 
are  commonly  reported  as  percentage  elonga- 
tion per  thousand  hours  based  on  a second- 
ary period  of  at  least  several  hundred 
hours.  Although  several  sliort-time  tests 
have  been  developed  in  Europe  to  deter- 
mine creep  rate,  they  have  not  been  ac- 
cepted in  this  country,  and  no  results 
based  on  these  tests  are  included  in  this 
Circular. 

Creep  characteristics  may  be  influenced 
by  many  factors,  among  which  are  melting 
practice,  9hemical  composition,  heat- 
treatment,  and  grain  size.  Material  of 
the  same  composition  will  not  necessarily 
have  the  seune  creep  characteristics.  In 
using  these  data,  the  engineer  should 
be  particularly  cautious  in  assuming  that 
the  rates  will  continue  unchanged  for 
periods  as  long  as  10  or  more  times  the 
test  period  and  that  the  same  rates  of 
creep  occur  under  conditions  of  combined 
stress  as  occur  during  a straight  tensile 
test. 

With  the  exception  of  the  data  for  tin 
and  zinc,  the  creep  results  reported  herein 
are  based  on  the  rate  per  thousand  hours 
and  the  duration  of  the  test  is  usually 
given. 

21.  Coefficient  of  Linear  Thermal 
Expansion 

The  coefficient  of  linear  thermal  ex- 
pansion of  a substance  is  the  ratio  of  the 
change  of  length  per  unit  length  to  the 
cnange  of  temperature.  For  short  ranges. 
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the  following  equation  may  be  used  to 
determine  changes  of  length: 

Lt=Lb  [l  + a(i-5)], 

where 

L-j.  = length  at  temperature  t, 

= length  at  the  base  temperature  b, 
a = coefficient  of  expansion. 

22.  Electrical  Conductivity 

The  electrical  conductivity  is  the  quan- 
tity of  electricity  transferred  across  a 
unit  area,  per  unit  potential  gradient,  per 
unit  of  time.  Electrical  conductivities 
are  reported  in  this  Circular  as  percentage 
International  Annealed  Copper  Standard 
(lACS)  . 

An  International  standard  of  resistivity 
was  adopted  by  the  International  Electro- 
technical Commission  in  1913,  in  which  the 
standard  resistivity  of  annealed  copper  is 
0.15328  ohm  per  meter  gram  at  20°C  (68°F), 
or  based  on  the  standard  density  of  8.89 
grams  per  cubic  centimeter  at  20° C (68 °F) , 
1.7241  microhm  centimeters  at  20°C  (68°F). 
These  are  equivalent  to  a conductivity  of 
58.00x  10’“^  reciprocal  ohm  centimeters,  or 
100  percent  lACS.  Excepting  for  copper 
conductors,  conductivities  are  generally 
expressed  in  terms  of  dimensions  rather 
than  weight.  The  values  reported  are 
volume  conductivities  based  on  the  standard 
resistivity  of  copper  at  20°C  (1.7241  mi- 
crohm caitimeters) • If  the  resistivity  was 
determined  at  some  temperature  other  than 
20°C,  the  percentage  lACS  is  reported  thus, 
25  percent  (65°C) . This  indicates  that  al- 
though the  conductivity  is  referred  to  the 
20 °C  standard  value,  the  resistivity  was 
determined  at  65°C. 

23.  Electrical  Resistivity  or  Specific 

Resistance  (Reciprocal  of  Conductivity) 

The  electrical  resistivity  or  specific 
resistance  is  the  resistance  of  a unit 
cross  section  and  a unit  length  of  a mate- 
rial. It  is  reported  in  this  Circular  as 
microhm  centimeters. 


24.  Temperature  Coefficient  of 
Electrical  Resistivity 

The  temperature  coefficient  of  elec- 
trical resistivity  is  the  ratio  of  the 
change  in  resistivity  in  a material  due  to 
a unit  change  in  temperature  to  its  resis- 
tivity at  a base  temperature.  For  short 
ranges  the  following  equation  may  be  used 
to  determine  changes  in  resistivity: 

Rt=Rb  [1  + a (t-5)], 

where 

Rf  = resistivity  at  a temperature  t, 

Rj,  = resistivity  at  a base  temperature  5, 
a = coefficient  of  resistivity. 

25.  Thermal  Conductivity 

Thermal  conductivity  may  be  defined  as 
the  time  rate  of  transfer  of  heat  by  con- 
duction, through  a unit  thickness,  across 
a unit  area,  for  a unit  difference  in 
temperature.  It  is  reported  in  this  Cir- 
cular as  watts  per  centimeter  for  a dif- 
ference in  temperature  of  i°C 
watt-cm  \ 
cm2  OQ  j 

26.  Temperature  Coefficient  of 
Thermal  Conductivity 

The  temperature  coefficient  of  thermal 
conductivity  is  the  ratio  of  the  change 
in  thermal  conductivity  in  a material  due 
to  a unit  change  in  temperature  to  its 
thermal  conductivity  at  a base  temperature. 
For  short  ranges  the  following  equation  may 
be  used  to  determine  changes  in  thermal 
conductivity: 

Kt^Kb  [1  + a (i-&)], 

where 

Kt  - thermal  conductivity  at  temperature 
t, 

Kb  = thermal  conductivity  at  a base  tem- 
perature b, 

a = coeffici ait  of  thermal  conductivity. 

27.  Heat-Treating  Terms 

The  following  definitions  were  selected 
as  being  applicable  to  this  Circular  from 
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the  glossary  prepared  by  a joint  committee 
on  definitions,  consisting  of  representa- 
tives of  the  American  Society  for  Metals, 
Society  of  Automotive  Engineers,  American 
Foundrymen's  Association,  and  the  American 
Society  for  Testing  Materials  [s]. 

(a)  Aiini 

A change  in  a metal  by  which  its  struc- 
ture recovers  from  an  unstable  condition 
produced  by  quenching  (quench  aging)  or  by 
cold-working  (strain  aging) . The  change  in 
structure  consists  in  precipitation,  often 
submicroscopic,  and  is  marked  by  a change 
in  physical  properties.  Aging  which  takes 
place  slowly  at  room  temperature  may  be 
accelerated  by  a slight  increase  in  tem- 
perature. (See  also  Precipitation  Harden- 
ini,  p.l4) 

(b)  Anneal  ini 

A process  involving  heating  and  cooling 
applied  usually  to  induce  softening.  The 
term  is  also  used  to  cover  treatments 
intended  to: 

1.  Remove  stresses, 

2.  Alter  mechanical  or  physical  proper- 

ties, 

3.  Produce  a definite  microstructure, 

and 

4.  Remove  gases. 

(c)  Austemperini 

A trade  name  for  a patented  heat-treating 
process  consisting  in  quenching  an  iron- 
base  alloy  from  a temperature  above  the 
transformation  range  in  a medium  having  a 
suitably  high  rate  of  heat  abstraction,  and 
maintained  until  transformation  is  complete, 
at  a substantially  uniform  temperature 
which  is  below  that  of  pearlite  formation 
and  above  that  of  martensite  formation. 

(d)  Carburizini 

A process  in  which  carbon  is  introduced 
into  a solid  iron-base  alloy  by  heating 
above  the  transformation  temperature  range 
while  in  contact  with  a carbonaceous  mate- 
rial which  may  be  a solid,  liquid,  or  gas. 


Carburizing  is  frequently  followed  by 
quenching  to  produce  a hardened  case. 

The  term  Carbonizini  is  sometimes  used 
erroneously  in  place  of  Carburizini. 

(e)  Case 

The  surface  layer  of  an  iron-base  alloy 
which  has  been  suitably  altered  in  compo- 
sition and  made  substantially  harder  than 
the  interior  or  core  by  a process  of  case- 
hardening. 

(f)  Case-Hardenini 

A process  of  surface  hardening  involving 
a change  in  composition  of  the  outer  layer 
of  an  iron-base  alloy,  followed  by  appro- 
priate thermal  treatment. 

(g)  Core 

The  interior  portion  of  an  iron-base 
alloy  which,  after  case-hardening,  is 
substantially  softer  than  the  surface  layer 
or  case. 

(h)  Flame-Hardenini 

A process  of  heating  the  surface  layer 
of  an  iron-base  alloy  above  the  transforma- 
tion temperature  range  by  means  of  the 
flame  of  a high-temperature  torch,  followed 
by  quenching. 

(i)  Full- Anneal  ini 

A softening  process  in  which  an  iron- 
base  alloy  is  heated  to  a.  temperature  above 
the  transformation  range  and  after  being 
held  for  a proper  time  at  this  temperature 
is  cooled  slowly  to  a temperature  below 
the  transformation  range.  The  objects  6ire 
ordinarily  allowed  to  cool  slowly  in  the 
furnace,  although  they  may  be  removed  from 
the  furnace  and  cooled  in  some  medium  which 
reduces  the  rate  of  cooling. 

(j)  Graphitizini 

An  annealing  process  applied  to  certain 
iron-base  alloys,  such  as  gray  cast  iron 
or  some  steels  with  high  carbon  and  silicon 
contents,  by  which  the  combined  carbon  is 
wholly  or  in  part  transformed  to  graphitic 
or  free  carbon. 
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(k)  Hardening 

Any  process  of  increasing  hardness  by 
suitable  treatment,  usually  involving  heat- 
ing and  cooling. 

(1)  Heat- Treatment 

A combination  of  heating  and  cooling 
operations  applied  to  a metal  or  alloy  in 
the  solid  state  to  obtain  desired  condi- 
tions or  properties.  Heating  for  the  sole 
purpose  of  hot-working  is  excluded  from  the 
meaning  of  this  definition. 

(m)  Homoienlzini 

A high- temperature  he  at- treatment  process 
intended  to  eliminate  or  decrease  chemical 
segregation  by  diffusion. 

(n)  Hot-Quenchini 

A process  of  quenciiing  iron-base  alloys 
in  a medium,  the  temperature  of  which  is 
substantially  higher  than  atmospheric. 

(o)  Inverse- Anneal  ini 

A heat- treatment,  analogous  to  Precipita- 
tion Hardenini,  applied  to  cast  iron  to 
increase  its  liardness  and  strength. 

(p)  Malleablizini 

A process  of  annealing  white  cast  iron 
in  which  the  combined  carbon  is  wholly  or 
in  part  transformed  to  graphitic  or  free 
carbon,  and,  in  some  cases,  part  of  the 
carbon  is  removed  completely. 

(q)  Nitridini 

A process  of  case-hardening  in  which  an 
iron-base  alloy  of  special  composition  is 
heated  in  an  atmosphere  of  ammonia  or  in 
contact  with  nitrogenous  material.  Surface- 
hardening is  produced  by  the  absorption  of 
nitrogen  without  quenching. 

(r)  Hormalizini 

A process  in  which  an  iron-base  alloy  is 
heated  to  a temperature  above  the  trans- 
forming range  and  subsequently  cooled  in 
still  air  at  room  temperature. 


(s)  Patentini 

A process  of  heat- treatment  applied  to 
medium  or  high-carbon  steel  in  wire  making 
between  wire  drawings.  It  consists  in 
heating  to  a temperature  above  the  trans- 
formation range,  followed  by  cooling  to  a 
temperature  below  that  range  in  air  or  in  a 
bath  of  molten  lead  or  salt  maintained  at  a 
temperature  appropriate  to  the  carbon 
content  of  the  steel  and  the  properties 
required  of  the  finished  product. 

(t)  prec ip  it  at i on- Hardenini 

A process  of  hardening  an  alloy  by  re- 
lieating  it  to  allow  a structural  constituent 
to  precipitate  from  a solid  solution.  (See 
also  Aiini.) 

(u)  Process- Anneal  ini 

A process  commonly  applied  in  the  sheet 
and  wire  industries,  in  which  an  iron-base 
alloy  is  heated  to  a temperature  close  to, 
but  below,  the  lower  limit  of  the  trans- 
formation range  and  subsequently  cooled. 

(v)  Quenchini 

A process  of  rapid  cooling  from  an 
elevated  temperature,  by  contact  witli 
liquids,  gases,  or  solids. 

(w)  Solution  Heat-Treatment 

A treatment  in  which  an  alloy  is  heated 
to  a suitable  temperature  and  held  at  this 
temperature  for  a sufficient  length  of  time 
to  allow  a desired  constituent  to  enter  in- 
to solid  solution,  followed  by  rapid  cooling 
to  hold  the  constituent  in  solution.  The 
material  is  left  in  a state  of  unstable 
equilibrium,  and  if  reheated,  may  undergo 
Precipitation- Hardenini. 

(x)  Stress-Relievini 

A process  to  reduce  internal  residual 
stresses  in  a metal  object  by  heating  the 
object  to  a temperature  below  the  trans- 
formation range  and  holding  it  for  a proper 
time  at  that  temperature.  This  treatment 
may  be  applied  to  relieve  stresses  induced 
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by  casting,  quenching,  normalizing,  machin- 
ing, cold-working,  or  welding. 

(y)  Temperini 

A process  of  reheating  hardened  or 
normalized  steel  to  a temperature  below  the 
transformation  temperature  range,  followed 
by  any  desired  rate  of  cooling. 

(z)  Trans  format  ion  Ranie 

The  transformation  range  on  heating  is 
the  temperature  interval  in  which  austenite 
forms  in  an  iron-carbon  alloy.  The  trans- 
formation range  on  cooling  is  the  tempera- 
ture interval  in  which  austenite  disappears. 
Distinction  must  be  made  between  the  two 
ranges.  They  may  overlap  but  never  coin- 
cide. The  limiting  temperatures  of  the 
ranges  depend  on  the  composition  of  the 
alloy  and,  particularly  for  the  cooling,  on 
the  rate  of  change  of  temperature. 

28.  Powder  Metallurgy  Terms 

The  following  definitions  of  terms  re- 
lating to  powder  metallurgy  were  selected 
from  the  glossary  issued  by  the  American 
Society  for  Metals  [9]  as  being  applicable 
to  this  Circular. 

(a)  Compact 

An  object  produced  by  the  compression  of 
individual,  mixed,  or  alloyed  metal  powders 
with  or  without  the  inclusion  of  non- 
metallic  constituents. 

(b)  Growth 

The  increase  in  dimensions  of  a compact 
which  occurs  during  sintering. 

(c)  Hot-Pressini 

The  simultaneous  forming  and  heating  of 
a compact. 

(d)  Mesh 

The  screen  number  of  the  finest  screen 
of  a specified  standard  screen  scale  through 
which  all  particles  of  a powder  sample  will 


pass.  Frequently,  but  not  necessarily,  a 
part  of  the  sample  may  pass  finer  screens. 

(e)  Mesh-Fraction 

That  part  of  a metal  powder  passing  a 
specified  mesh  screen  and  retained  by  some 
finer  stated  size. 

(f)  Minus  Mesh  or  Through 

The  portion  of  a powder  sample  which 
passes  through  a stated  screen.  (See  also 
plus  Mesh.) 

(g)  Mixini 

The  thorough  intermingling  of  particles 
of  two  or  more  powders. 

(h)  Particle  Size 

The  controlling  lineal  dimensions  of  an 
individual  particle  as  determined  by  analy- 
sis with  screens  or  other  suitable  instru- 
ments . 

(i)  Particle-Size  Distribution 

The  percentages  expressed  in  terms  of 
weight  of  the  various  sizes  of  particles  in 
a powder  sample  when  classified  in  terms  of 
size  ranges  and  measured  in  terms  of  screen 
mesh  or  microns. 

(j)  plus  Mesh  or  Oversize 

The  particles  of  a powder  sample  re- 
tained on  a screen  of  stated  size.  (See 
also  Minus  Mesh.) 

(k)  pore 

A minute  cavity  in  a compact  formed 
either  intentionally  or  unintentionally. 

(1)  porosity 

A multiplicity  of  pores  in  a compact 
usually  distributed  uniformly. 

(m)  powder 

Particles  of  matter  in  which  the  size 
and  characteristics  are  of  such  an  order 
as  to  make  the  material  of  use  in  the  for- 
mation of  compacts. 
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(n)  Powder  Metallurgy 


The  art  of  producing  metal  powders  and 
shaped  objects  from  individual,  mixed,  or 
alloyed  metal  powders,  with  or  without  the 
inclusion  of  nonmetallic  constituents,  by 
pressing  or  forming  objects  which  are  simul- 
taneously or  subsequently  heated  to  produce 
a coalesced,  sintered,  alloyed,  brazed,  or 
welded  mass,  characterized  by  the  absence 
of  fusion  or  the  fusion  of  a minor  compo- 
nent only. 


(o)  pressing 

The  forming  of  a compact  under  pressure. 

(p)  Shrinkage 

The  decrease  in  the  dimmsions  of  a corn- 
pant  that  occurs  during  sintering. 

(q)  Sinterini 

The  heating  of  metal  powders  or  compacts 
to  convert  them  into  coalesced,  alloyed, 
brazed,  or  welded  masses,  under  controlled 
conditions  of  time,  temperature,  and  at- 
mosphere. 


V.  ALUMINUM  AND  ALUMINUM  ALLOYS 
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[Specifications  are  changing  frequently,  the  sponsoring  organization  should  be  consulted  for  the  latest  revision’ 
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Revisions  not  indicateJ.  ^Air  Corps  specification. 
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Revisions  not  indicated. 


3 C 

1 1 
•H  </5 
£i  W 

o a> 

k 

tB 


y 0} 
u a> 
y £ 


o 

c 


o ^ 


a 3 

^-3 


u5 

<u  o 

c. 

3 V) 


£ 03  y 
w ^ 

3 I 
o y a 
fc-  iO  o 
S 03  o 


iH  03  3J3 

■dye 

.5  ^ -g) 


a ? 


S 3 
"=  .. 
5-5 


■3  as 
» <u 

5 5 5 


2 >>T3  a 3 

a w Q 

i-l  c ^ w -H 

5 S 

03  -3  >»  o3  a 

^ 03  $ -H  o 

||33|5 

a e w y 


[21] 


[For  a discussion  of  t/ie  indefiniteness  of  values  reported  for  yield  strengtii  and  particularly  for  "proportional  limit,"  see  pages  5 and  6.  Hardness  numbers  are  Brinell  numbers  unless  prefixed  R 
R^,  etc.  (Rockwell  B,  Rockwell  C,  etc.);  S (Scleroscope) ; V (Vickers).  Impact  value  determined  by  Charpy  raetiiod  unless  prefixed  Iz  (Izod  method).] 
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ALUMINUM-COPPER  ALLOYS  (SEE  ALSO  FIGS.  5 AND  6) 
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^References  [lO  and  ll]  — for  all  alloys,  wrou^t  and  cast;  modulus  of  elasUcity  (shear)  3,850  klps/in.^,  Poisson's  ratio  0.33.  **Values  apply  in  general  to  all  wrought  forms  except  large  sized 
extrusions;  elongation  applies  to  l/2-in. -diameter  test  specimens.  '^Charpy  specimen  with  Izod  notch. 
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aluminum-coppeh-magnesium  alloys 


AIUMlNUM-C0PPER-M4GNESIUM-MANGliNESE  ALLOYS  (SEE  ALSO  FIGS.  7,  8,  AND  9) 
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® References  [10  and  11] — for  all  alloys,  wrought  and  cast;  modulus  of  elasticity  (shear)  3,850  klps/ln.®,  Poisson's  ratio  0.33.  '^Values  apply  In  general  to  all  wrought  forms  except  large  sized 
extrusions;  elongation  applies  to  1/2- In. -diameter  test  specimens.  "^Reversed  torsion. 


ALUM  I NUM-COPPER-MA  ONES  lUM -MANGANESE  ALL(JYS  — Continued 
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ALUMINUM- COPPER- MANGANESE  ALl.OYS 
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ALUMINUM- COPPER- NICKEL  ALLOY S— Continued 
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References  [lO  arid  11]  — for  all  alloys,  wrou^t  and  cast;  oodulus  of  elasticity  (shear)  3,850  Idps/ln.^,  Poisson's  ratio  0.33. 
Values  apply  In  general  to  all  wrought  forms  except  large  sized  extrusions;  elongation  applies  to  1/2-tn, -diameter  test  specimens. 


ALUMINllM-HAGNtSlUM  ALLOYS  — Continued 
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^Keterences  [lO  and  ll]  — for  all  alloys,  wrougfit  arid  cast;  tuodulus  of  elasticity  (shear)  3,850  kips/in.®,  h»oissofi's  ratio  0.33. 
'’Values  apply  in  general  to  all  wrought  forms  except  large  sized  extrusions;  elongation  applies  to  1/2-in. -diaii»eter  test  specimens. 
'Notcn  impact  value  in  m-kg/cm.^ 


Aluminum  and  aluminum  alloys,  normal— temperature  propert  ies  — Continued 
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ALUMINUM-NICKEL  ALLOYS 
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f'.eferfiices  1. 10  aiiU  111 — lor  all  allots,  wrou^t  and  cast;  modulus  of  elasticity  (shear)  3,850  klps/in.^,  Poisson’s  ratio  0,33. 
Values  appl>  in  general  to  all  wrougtit  forms  except  large  sized  extrusions;  elongation  applies  to  1/2-in. -diameter  test  specimens, 
Cliarpy  specimei>  witli  Izod  notclu 


ALUMINUM-SILICON  ALLOYS— Coiitlnuetl 
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‘References  [10  afui  ll]~for  all  alloys,  wrougiit  and  cast;  tnodulus  of  elasticity  (shear)  3,6S0  idps/ln.^,  Poisson's  ratio  0.33* 
Charpy  specimen  with  Izod  notch. 


Aluminum  and  aluminum  alloys,  normal-temperature  properties — Continued 
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/Annealing  Temperature,  Degrees  F 


Figure  2. — Effect  of  annealing  on  the  tensile  proper- 
ties, hardness,  and  Erichsen  value  of  cold-rolled, 
high-purity  aluminum  sheet  (Volf  and  Tuxhom 
1628^). 


(Yield  strength,  0.2%) 

Si  0.0020%,  Cu  0.0006%,  Fe  0.0006%.  Sheet,  0.04  fn., 
cold-rolled  (87%  red.),  annealed  1 hour. 


Figure  3. — Effect  of  cold-rolling  on  the  tensile 
properties  and  hardness  of  aluminum  sheet 
(Weiss  [629]  J. 


A1  99.7% 
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Enchsen  Value,  mm 


60 


E/frusion  Temperature,  T 


Figure  4. — Effect  of  extrusion  temperature 
on  the  tensile  properties  and  hardness 
of  aliminurn  (Pearson  [630]  J. 

(Yield  strength,  0.1?) 

Fe  0.33?,  Si  0.17?.  Rod,  extruded  from 
1 1/2  in.  diameter  to  1/2  in.  diameter. 


Figure  5. — Effect  of  extrusion  temperature 
on  the  tensile  properties  and  hardness 
of  an  aluminum- copper  alloy  (Pearson 
[630]). 

(Yield  strength,  0.1?) 

Cu  5.31?,  Fe  0.35?,  Si  0.22?.  Pod,  extruded 
from  1 1/2  in.  diameter  to  1/2  in.  diameter. 
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Tns  Sfr,  Kipslin^  Ehng  m 2 m,  Percent  Brmell  Number 


30  3.5  4.0  4.5  5.0  5.5 


Copper,  Percent 


Figure  6. — Tensile  properties  and  hardness  of 
sand- cast  and  tir ought  a liminian- copper  alloys 
(Dix  and  Bouman  [63 1] J- 


A,  Test  bars,  1/2.  in.  diameter,  cast  in  green 
sand;  B,  high-purity  alloys,  hot-rolled,  an- 
nealed 1 hour  at  1, 000”F  and  quenched  in 
water.  Curves:  1,  as  quenched;  2,  quenched 
and  aged  11  days  at  room  temperature;  3, 
quenched  and  aged  38  hours  at  300°F. 
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Figure  7. — Effect  of  na^nesiun  on  the  tensile, 
properties  and  hardness  of  an  aliminim-copper 
alloy  containing  U percent  of  copper  (Hansen 
and  Dreyer  [632]). 

(Yield  strength,  0.2%;  elongation  in 
11.3  /area.  ) 

Alloys  also  contain  Mn  0.6%,  Fe  0.25%,  Si  0.2%. 
Sheet,  0.08  in.  A,  Quenched;  3,  quenched  and 
aged  at  room  temperature. 


Figure  8. — Effect  of  temperature  of  soi, 
tion  h e at- treatment  on  the  tensi 
properties  and  hardness  of  Duralum 
(Carpenter  and  Robertson  [U3]). 

Quenched  in  cold  water  and  aged  4 days 
room  temperature. 


Reduction  by  RoHinq,  Percent 


Figure  9. — Effect  of  cold-rolling  on  the 
tensile  properties  of  aged  Duralumin 
( Zeerleder  [ 18} ) . 

(Yield  strength,  0.2%) 

Aged  6 days  at  room  temperature  before 
rolling. 
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Elongation,  Percent  ^ s ' Vickers  Number 


Elongation,  Percent  Elongation,  Percent 

Yield  and  Tensile  Strengths,  Kipsfin.^  _ Yield  and  Tensile  Strengths,  Kipsjint 


Magnesium,  Percent 


Figure  10.  — Tensile  properties  and  hardness  oj 
cast  aluninum-nagnesiun  alloys  (Kenpf  and 
Keller  [633]), 

Fe  and  Si  less  than  0.26SJ  each,  Cu  less  than 

0.  16%. 

A,  Test  bars,  1/2  in.  diameter,  cast  in  green 
sand;  B,  sand-cast  and  heat-treated. 
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Figure  11. — Tensile  properties  of  alumimm-ma^nesiim.  alloy 
sheet  (Kenpf  and  Keller  [5331.1. 


A,  Heat-treated;  B,  heat-treated  and  cold-rolled  {lh%  red.) 
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Magnesium,  Percent 


Figure  12. — Tensile  properties  and  hardness  of 
forged  or  extruded  aluMinwu-magnesium  alloys 
(Kenpf  and  Keller  [633]). 

Cu,  Fe,  and  Si  less  than  0,  1%  each. 

Alloys  containing  up  to  10%  of  Mg  forged,  others 
extruded;  all  annealed  and  quenched. 
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0 12  3 4 

Manganese,  Percent 


Figure  13.  — Tensile  properties 
of  aluminum-manganese  alloys 
(Bos  shard  i63d]), 

(Elongation  in  11.3  / area) 

Sheet,  0.04-0.08  in.  Curves:  1,  annealed 
8 hours  at  750°F;  2,  annealed  at  790° F, 
rolled  (80-90%  red.  ) . 


V, 


I 
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Figure  14.  — Tensile  properties  and 
hardness  of  chill-cast  aluminum- 
silicon  alloys  (Carpenter  and 
Robertson  [UB])  , 

Fe  0.35%,  Cu  0. 15% 
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15 


Silicon,  Percent 

Figure  15. — Tensile  properties  of 
sand- cast  alianimm- silicon  alloys 
(Kempf  \9il] ) . 


Test  bars.  If  2 in.  dieuneter.  Curves: 
1,  normal;  2,  modified  by  treat- 
ment with  sodium  fluoride  before 
casting. 


Figure  16. — Tensi  le  properties  and  hardness  of  aluminum- 
silicon  alloys  (Kempf  I7d] ) . 


Sheet,  0.08  in. 

A,  Annealed;  B,  hard-rolled. 
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E/ongafion,  Percen\ 


0 5 10  15  EO  E5  50 

Zinc,  Percent 


Figure  17.  — Tensile  properties  of  wrought  and  chill- 
cast  aliminim- zinc  alloys  (Kempf  \_635}). 

Curves:  1,  rod,  3/4  in.  square,  forged;  1 hour  at  880°F, 
water-quenched,  aged  8 days  at  room  temperature;  2, 
chill-cast. 


545875  0-43-4 
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[For  a discussion  of  Uie  indet'initeness  of  values  reported  for  yield  strength  and  partlcularlj  for  "proportional  liinit"  see  pages  5 and  6.  Hardness  numbers  are  Brinell  numbers,  unless  prefixed  Rg, 

Rp,  etc.  (Rockwell  B,  Rockwell  C,  etc.);  S (Scleroscope) ; V (Vickers).] 
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Yie/d  and  Tensile  Strengths,  Hips/in'^  Yield  and  Tensile  Strengths,  Kipsl 


Temperature,  Degrees  F 


Figure  18.  — Short- tine  tensile  properties  of 
wrought  aliminvM  at  high  temperatures  (Howell 
and  Paul  [636] ) . 


Figure  19.  — Shear  strength  of  aluminum  at  high 
temperatures  (Irmann  [63?]). 

Al  99.3% 


Temperature,  Degrees  F 


Figure  20.  — Short- tine  tensile 
p roper  ties  of  an  aluminum- 
copper- iron-magnesium  alloy  at 
high  temperatures  (Beil  [??]). 

Cu  10%,  Fe  1.2%,  Mg-  0.2%,  Chill- 
cast  and  aged  (122-T62). 


(Yield  strength,  0.2%) 


Fe  0.53%,  Si  0.13%,  Cu  0.11%,  Mn  0,02%.  A, 
Annealed  (2S-0);  B,  cold-rolled,  80%  reduc- 
tion ( 2S-H) . 
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Yield  and  Tensile  Strengths,  KipsjinY  Yield  and  Tensile  Strengths,  Kipsjin} 
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Figure  £1.  — Short-time  tensile  properties  oj 
u/roLi^ht  aivMinun-  copper-nagnesim-nanganese 
alloys  at  high  temperatures  (Howell  and  Paul 
\638'\). 


(Yield  strength,  0.2%) 

A,  Cu  4%,  Mg  0.5%,  Mn  0.5%.  Quenched  and  aged 
(17S-T);  B,  Cu  4.2%,  Mg  1,5%,  Mn  0,5%. 
Quenched  and  aged  (24S-T). 


Figure  ££,  — Shear  strength  of  an  aluminun- 
copper-nagnesiun-nanganese  alloy  at  high 
temperatures  (Irmann  [63?]). 


Cu  4.3%,  Mg  0.6%,  Mn  0,5%,  Si  0.4%. 


Figure  £3. — Short- tine  tensile  properties  of 
a wrought  aluminum-  copper-magnesium- 
manganese  alloy  at  high  temperatures 
(Howell  arid  Paul  [638]). 

(Yield  strength,  0.2%) 

Cu  4,4%,  Mn  0.8%,  Si  0.8%,  Mg  0.4%.  Quenched 
and  aged  (14S-T). 
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Yield  and  lens  He  Strengths,  Kips/m^ 


Figure  24. — Short-tine  tensile  prop- 
erties of  an  aluninun-copper- 
ni eke L -magnesium  alloy  at  high 
temperatures  (Heil  l76U. 

Cu  4%.  Ni  2%,  Mg  1.5%.  Chill-cast 
and  aged  ;142-T571). 
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Figure  25. — Short-tine  tensile  properties  of  a 
wrought  aluminwn-naonesivm- silicon- chromium 
alloy  at  high  temperatures  (Howell  and  Paul 
1638])- 

(Yield  strength,  0.2%) 

Mg  1.2%,  Si  0.7%,  Cr  0.25%.  Heat-treated  and 
aged  (53S-T). 


Figure  26. — Short-time  tensile  properties  of  a 
wrought  aluminum-manganese  alloy  at  high 
temperatures  (Howell  and  Paul  [636] )• 

(Yield  strength,  0.  2%) 

Mn  1.2%,  Fe  0.46%,  Si  0.22%,  Cu  0.  1%,  Hard- 
drawn,  80%  reduction  (3S-H). 


Elonpafion  in  2 m and 
R ed action  of  drea,  Perc en t 


[For  a discussion  of  the  indefiniteness  of  values  reported  for  yield  strength  see  page  5.  Hardness  numbers  are  Brinell  numbers  unless  prefixed  Fg,  F^,,  etc.  (Pockwell  B,  Fockwell  C,  etc. 

S (Scieroscope) ; V (Vickers).  Impact  value  determined  b>  Cnarpy  loeUiod  unless  pretixed  Iz  (Izod  method).] 


[53] 


Aluminum  and  aluminum  alloys,  low  temperature  properf  ies  — Continued 
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ALUMINUM-MAGNESIUM  ALLUYS 
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^Notcii  impact  value,  m-k^cni. 


Aluminum  and  aluminum  alloys,  low  temperature  propert  ies  — Continued 
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CoeMicient  ol’  linear  expansion  per  de^^ree  centigrade 
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WJitloiial  values  are  18.6  (-190“  to  20 “C)  ; 21.3  (-100“  to  20“C)  ; 22.3  (-60“  to  20 “C)  ; 23.9  (20“  to  50 “f)  . 


ALUMINUM-IRON  ALLOYS 
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aluminum-zinc  ALLOTfS 
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Table  7. — iluminumand  aluminum  al  lays , electrical  and  thermal  properties 
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Constant  mass  temperature  coefficient  of  electrical  resistivity  at  20'^C  is  42.9x10"“'. 

Conforns  to  the  Am.  Inst.  Electrical  Engrs . Standard  No.  46  for  hard-drawn  aluminum  conductors;  temperature  coefficient  of  electrical  resisllvity  at  20°C  is  40.3x10 
Calculated  from  electrical  conductivity  with  a maximum  error  of  +6^. 


ALI)MIN1IM-S  ILICON  ALLOYS  — Continied 
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Electrical  Conductivity,  Percent  I AC  5 


yddded  Element,  Percent 


Figure  27.  — Effect  of  various  elements  on  the  electrical  conductivity  of 
high-purity  alwminim  (Gauthier  [639]). 

Purity  of  base  aluminum  greater  than  99.99%.  Annealed  at  610°F  and  slowly 

cooled. 
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VI.  COPPER  AND  COPPER  ALLOYS 


(65) 


Nomenclature  of  the  Copper  Allots 
Brass  and  Bronze 

Brass  and  bronze  have  been  companion  ma- 
terials for  thousands  of  years-  Original- 
ly, brass  was  an  alloy  of  copper  euid  zinc, 
whereas  bronze  was  an  alloy  of  copper  and 
tin.  However,  it  was  found  later  that  the 
addition  of  other  elements  frequently  im- 
proved the  properties  or  the  appearance  of 
the  materials.  At  present,  many  nominal 
copper-tin  alloys  contain  both  tin  and  zinc 
and  sometimes  other  metals,  and  it  is  often 
difficult  to  determine  whether  the  tin  or 
the  zinc  has  a predominating  effect. 

The  confusion  resulting  from  the  usage 
of  the  terms  brass  and  bronze  has  lead  to  a 
number  of  attempts  at  classification.  The 
system  developed  by  the  American  Society  for 
Testing  Materials  for  the  classification  of 
cast  copper-base  alloys  [79]  is  tlie  b6isis  of 
table  8 in  this  Circular.  For  practical  pur- 
poses, the  majority  of  wrought  copper-base 
alloys  may  be  classified  in  this  system  also. 

Some  commercial  materials  are  discussed 
briefly  in  the  following  paragraphs: 

BRASS. — Alloys  consisting  essentially  of 
copper  (50  to  95  percent)  and  zinc  (50  to  5 
percent)  are  generally  called  brasses . Those 
containing  less  than  17  percent  of  zinc  are 
known  as  red  brass;  those  containing  more  than 
that  quantity  are  called  yellow  brass.  Some 
of  the  commoner  brasses  are  rich  low  brass 
(85  percent  of  copper,  15  percent  of  zinc) ; 
low  brass  (80  percent  of  copper,  20  percent 
of  zinc);  cartridie  brass  (70  percent  of  cop- 
per, 30  percent  of  zinc);  hiih  brass  (66  per- 
cent of  copper,  34  percent  of  zinc);  and  muntz 
metal  (60  percent  of  copper,  40  percent  of 
zinc) . Brasses  are  frequently  modified  by 
the  addition  of  tin.  Two  well-known  alloys 
of  this  type  are  admiralty  metal  (70  percent 
of  copper,  29  percent  of  zinc,  1 percent  of 
tin)  and  naval  brass  (60  percent  of  copper, 
39.25  percent  of  zinc,  0.75  percent  of  tin). 
Copper-zinc  alloys  containing  intentional 
axlditions  of  lead  to  improve  the  machining 
properties  are  called  leaded  brasses. 

The  names  applied  to  some  compositions 
are  very  misleading.  The  alloys  formerly 
known  as  ierman  silver  and  now  called  ^icfreZ 
silver,  because  of  their  white  color,  are 
composed  of  copper,  zinc,  and  nickel,  and 
contain  no  silver.  A more  logical  designa- 
tion of  these  cot-positions  is  nickel  brass. 
Similarly,  manganese  bronze  is  basically  a 
copper-zinc  alloy  with  small  additions  of 


aluminum,  iron,  manganese,  nickel,  and  tin 
to  improve  the  mechanical  properties  or  cor- 
rosion resistance.  The  name  hiih-strenith 
brass  used  in  the  American  Society  for  Test- 
ing Materials  classification  is  preferable 
for  these  alloys.  Among  other  brasses  im- 
properly termed  bronzes  are  architectural 
bronze,  which  is  a simple  leaded  brass,  and 
commercial  bronze,  which  is  a simple  red 
brass. 

BRONZE  .—Alloys  of  copper  and  tin  have 
been  known  for  centuries  as  bronze.  In  these 
materials,  the  tin  content  is  normally  well 
below  20  percent.  The  use  of  simply  binary 
alloys  of  copper  and  tin  is  quite  limited; 
usually  zinc  and  frequently  lead  are  added 
to  make  tliese  alloys,  particularly  in  the 
cast  form,  more  suitable  for  industrial  use. 
Such  compositions  containing  from  about  8 to 
30  percent  of  lead  are  known  as  leaded 
bronzes,  regardless  of  the  zinc  content, 
and  are  used  to  a great  extent  as  bearing 
materials. 

Phosphor  bronze  is  a term  indicating 
that  phosphorus  was  used  to  deoxidize  the 
metal  during  melting.  This  treatment  usu- 
ally results  in  superior  properties,  al- 
though chemical  analysis  often  fails  to 
show  more  than  a trace  of  phosphorus  in  the 
finished  material. 

The  tendency  to  apply  the  name  bronze  to 
copper  alloys  other  thian  those  containing 
tin  has  resulted  in  a variety  of  bronzes, 
among  which  are  aluminum  bronze,  beryllium 
bronze,  and  conductivity  bronze. 

Commercial  aluminum  bronze  contains  from 
5 to  15  percent  of  aluminum  and  sometimes 
iron,  manganese,  and  nickel.  It  lacks  the 
characteristic  bronze  color  but  has  superior 
corrosion  resistance  and  high  strength. 

beryllium  bronze  is  the  name  applied  to 
copper-beryllium  alloys  containing  about  2 
percent  of  beryllium  or  beryllium  plus  other 
metals,  such  as  nickel,  cobalt,  or  chromium. 
High  strength  and  hardness  can  be  developed 
in  these  alloys  by  heat- treatment. 

Conductivity  bronze  is  the  term  often 
used  to  designate  alloyed  copper  for  which 
a combination  of  superior  tensile  strength 
and  relatively  high  electrical  conductivity 
is  required.  Cadmium  and  tin  are  the  pre- 
ferred alloying  elements  for  the  purpose 
and  are  generally  used  in  amounts  somewhat 
below  2 percent. 

Due  to  such  loose  terminology  of  the 
term  bronze,  alloys  of  copper  and  tin  are 
known  frequently  as  tin  bronze. 
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Adapted  from  The  American  Society  for  Testing  Materials  classification  of  cast  alloysj79].  “includes  alloys  such  as  cailrai™  copper  {1.0'^.  Cd)  etc. 


Silicon  bronze Over  0.5  percent  silicon;  not  over  3 percent  zinc;  not  over  98 


[68] 


Classification  of  some  wrought  copper-base  alloys  (1942) 
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Federal  ASTV)  SAE  ( Nominal  composition — percent 
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Temper  designations  for  copper  alloys 
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Hardness  conversion  table  for  cartridge  brass  (Cu  70i,  Zn  30%)  L«5] 
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[For  a discussion  of  the  Indeririiteness  of  values  reported  for  yield  s^ren^ith  and  particularly  for  "proportional  limit"  see  pages  5 and  6.  Hardness  tjurabers  are  Brinell  numbers  unless  prefixed  Rg, 
R^,  etc.  (Rockwell  B,  Rockwell  C,  etc.);  S (Scleroscope) ; V (Vickers).  Impact  value  determined  by  Ciiarpy  method  unless  prefixed  Iz  (Izod  method).] 
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‘Determination  of  11  elements  spectrographicallj  and  L!  elements  cheinically  sliowed  no  single  inif)urity  exceeding  G.0002fi,. 


PURE  AND  COMMERCIAL  COPPER— Continued 
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COPPER-ALUMINUM  ALLOYS  (SEE  ALSO  FIGS.  34  TO  38,  INCLUSIVE) 
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Alternating,  torsion.  ' Zero  to  maximum  torsion, 


COPPER- (VLiri  I NU'I  ALLOYS— Continued 
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COPPER-ALUMINUM-IHUN-NICKEL  ALLOYS 


COPPER-ALUMINLFM-IRON-NICKEL  ALLOYS— Continued 
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COPPER-ALUMINUM-NICKEL  ALLOYS 
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Notch  impact  value,  m-kg/cm. 


COPPER-ARSENIC  A LLOVS— C nnt  Inued 
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A-lternating  torsion.  Notch  impact  value,  in-kg/cm. 


Copper  and  copper  alloys,  normal  temperature  properties — Continued 
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COPPER-COBALT-BERYLLIUM  ALI/)Y 
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Notch  impact  value,  ra-kg/'cm. 
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COHPER-MANGANKSE  ALLOYS  (SEE  ALSO  HOS.  30  ANU  -10) 
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COPt'liR- NICKEL  AI.LOYS — Continued 
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C0PPE‘R-N  I CKbJI.- ALUMINUM  ALLOYS 


[87] 


COPPER-NICKEL-CHROMIUM  ALLOY 


COPPER-NICKEL-IHON  ALLOYS 
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COPPER-NICKEL-TIN  ALLOYS 
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COPPER- NICKEL- ZINC  ALLOYS— Continued 
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Notch  impact  value,  m-k^cin. 


Table  12.— Copper  and  copper  alloys,  normal-temperature  proper nes  — Continued 
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COPPER-SULFUR  ALLOYS 
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COPPER-TIN  ALLOYS— Continued 
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545875  O 


9ti4...  Sn  1,  Pb  4,  Zn  4,  Rod,  1 In,,  hard 15,000  45  60  20  Rg  75  Meltlne;  point l,S:iO“F [145] 

p 0.45.  (0.5^  extn)  (2  in.)  Specific  gravity 8.86. 

005...  Sn  5.0,  Pb  1.0,  Sheet,  0,040  in,,ann..  15,000  20  50  45  Rg  25  Melting  point 1,920‘’F [l4S] 

p 0.10.  (O.SH  extn)  (2  in.)  Specific  gravity 8.91. 

'’Alternating  torsion. 


Tabi.e  12— Copper  and  copper  alloys,  normal  temperature  propert  les —Continued 
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COPPER-TIN-TEILURIUM  ALLOYS 


COPPER-TIN-ZINC  ALLOYS 
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COPPER-ZINC  ALLOYS — Continued 
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Alternating  torsicm. 


COPPER-ZINC  ALLOYS— Continued 
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COPPER-ZINC-ARSENIC  AILOYS 


cioi] 


Alternating  torsion.  Zero  to  maxinaxm  torsion. 


Tabi.E  12  —Copper  and  copper  alloys,  normal  temperature  proper ; ies  - Continued 
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Notch  Impact  value,  m-k^cm. 


Table  12  .—Copper  and  copper  alloys,  normal-temperature  properties — Continued 
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Reduction  by  Drawing.  Percent 


Figure  28. — Effect  of  annealing  and  cold-drawing 
on  the  tensile  properties  of  oxygen- free  and 
phosphorized  copper  (Rolle  and  Schleicher 
\6d0]). 


( Elongat ion  in  2 in. ) 

A,  Effect  of  annealing;  rod,  1/2  in.  diameter, 
cold-drawn  (62%  red.),  annealed  1 hour;  B, 
effect  of  cold-drawing;  rod,  annealed  2 hours 
at  930°F  and  drawn. 

Curves:  1,  oxygen-free  (OFHC);  2,  phosphorized, 

P 0.02%. 
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/inneaZ/ng  Temperature,  Degrees  F 

Figure  29. — Effect  of  annealing  on  the  tensile  properties  of  copper 
cold-vjorked  various  amounts  (Krupkouski  and  Balicki  [6m]). 


nuucaj.eu  i 


A,  21%  red.;  B,  49%  red.;  C,  72%  red.;  D,  95%  red. 
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Rea/uct/on  of  /ire a,  Percent 


Figure  30. — Compressive  strength  of  co  Id-draun 
copper  (Crane  \6d2] ) . 


The  hardness  of  the  sample  was  Scleroscope  num- 
ber 73-  The  dotted  curve  at  loads  greater 
than  80  kips/in.  ^ indicates  the  normal  upward 
trend;  the  drop  actually  obtained  and  shown 
by  the  solid  line  is  due  to  fracture  occurring 
in  the  periphery  of  the  test  piece. 
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Figure  31. — Effect  of  oxygen  on  the  tensile  properties,  impact  value, 
density,  and  electrical  conductivity  of  copper  (Hanson,  Marryat  and 
Ford  [SU3]  ) . 


lElongation  in  4 /area) 

A,  Rod,  6/8  in.  diameter,  annealed  1/2  hour  at  1,290°F,  air-cooled;  B, 
rod,  5/8  in.  diameter,  cold-rolled  (49%  red.). 
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Density,  g/sm^  Density,  g/cm^ 


Elongation  and  Reduction  of  Area,  Percent 
Endurance  Limit  and  Tensile  Strength,  Kipsjin 


Figure  32. — Effect  of  phosphorus  on  the  tensile  properties , endurance 
limit,  and  impact  value  of  copper  (Hanson,  Archbutt,  and  Ford 


(Elongation  in  4/area:  endurance  limit  at  2X10^  cycles) 

Rod,  5/8  in.  diameter,  annealed  1/2  hour  at  1,2P0°F,  air-cooled. 


/zod  Impact  ft~lh 


Co mpressi\/e  Strength,  Hipsjin, 


Compactmtj  Pressure,  Tons/in,  ^ 


Figure  33. — Compressive  properties , hardness,  and  density  of 
copper  powder  compacts  (Goetzel  \_52]). 

(Compression  is  the  reduction  in  thickness  at  the  point  where 
edge  fracture  first  occurred) 

Curves:  1,  hot-pressed  under  hydrogen  at  930°F;  2,  cold- 

pressed  and  sintered  1 hour  in  hydrogen  at  1,470°F. 
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Notch  Impact,  mk^jcm^  Notch  Impact,  mhgjcm^ 

Elongation  an<cl  Reduction  of  Area,  Percent  Elongation  and  Reduction  of  Area,  Percent 
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Figure  Tensile  properties , impact  valve,  and  hardness  of  vjrought  copper- 

alvMinun  alloys  (Broniewski  [6^5]). 

(Elongation  in  10  diam) 

A,  Annealed  at  1,200°F  and  slowly  cooled;  B,  1 hour  at  1,  650®F,  quenched, 
• reheated  1/2  hour  at  570“F,  air-cooled. 
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Brin  ell  Number  Brinell  Number 


Figure  35- — Effect  of  coLd-drauin^  on  the  tensile  prop- 
erties and  hardness  of  a copper- aluminum  alloy  con- 
taining d percent  of  aluminum  (Lay  \_6d6\) . 


(Yield  strength,  0.2%) 

Rod,  5/8  in.  diameter,  annealed  at  1,  200°F  and  drawn. 
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Figure  3^.  — Effect  of  anne  aLing  on  the  tensile 
properties  and  hardness  of  a cold-uorked  copper- 
aluminwn  alloy  containing  7 percent  of  alvMimm 
\ 103]. 


Cold-rolled  (50%  red.  ) and  annealed. 
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Vickers  Number 


Reduction  by  Drc^win^,  Percent 


Figure  37. — Effect  of  co  Id- drawing  on  the  terisile 
properties  and  hardness  of  a copper- aliminwn 
alloy  containing  8 percent  of  aluminum  (Lay 


(Yield  strength,  0.2%) 

Rod,  1 in.  diameter,  annealed  at  1,  200°F  and  drawn. 


Reduction  by  Drauvin^,  Percent 


Figure  38. — Effect  of  cold-drawing  cm  the  tensile 
properties  and  hardness  of  a copper- alwninun 
alloy  containing  10  percent  of  alimimm  (Lay 
\6d6\). 


(Yield  strength,  0.2%) 

Rod,  1 in.  diameter,  annealed  at  1,200  F and  drawn. 
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100 


Figure  39. — Tensile  properties  and  hardness  of  wrought  copper- 
manganese  alloys  (Bronieuiski  and  Jos  I an  [6U7]). 

(Elongation  in  10  diam) 

Annealed  1 hour  at  930°F. 


Manganese.  Percent 


Figure  40. — Tensile  properties  of  forged  copper- 
manganese  alloys  (Hesse  and  Nyskowski  [572]J. 

(Elongation  in  4 diam) 

Alloys  made  with  electrolytic  manganese. 
Annealed  2 hours  at  1,  380°F,  quenched. 
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Brinell  Number 


200 


Figure  41. — Tensile  properties,  impact  oalue,and  hardness 
of  wrought  copper-nichel  alloys  (Broniewski  and  Kulesza 
[6U8]  ) . 


(Elongation  in  10  diam) 

A,  Annealed  1/4  hour  at  1,020°F;  the  impact  tests  on  sam- 
ples forged  at  2, 010°-1 , 470°F;  B,  cold-worked  (40?  red,). 

Note — These  tests  were  made  on  samples  from  small  experi- 
mental melts  and  the  properties  are  somewhat  differ- 
ent from  those  of  commercial  alloys,  See  figure  42. 
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Brinell  Number  Brmell  Number 


Nicke/ , Percent 


Figure  42.  Tensile  properties  and  endv/rance  Unit  of 
wrought,  annealed  commercial  copper-nickel  alloys 
(Wise  l6U9j). 

(Endurance  limit  at  10®  cycles) 
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Figure  AZ.— Effect  of  annealing  and  cold-rolling  on  the  tensile 
properties  and  hardness  of  a copper-nickel  alloy  containing  30 
percent  of  nickel  (Jennison  and  Girvin  [216])- 

A,  Effect  of  annealing;  sheet,  0.04  in.,  cold-rolled  (44%  red.), 
annealed  1/2  hour;  B,  effect  of  cold-rolling. 
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Bnnell  and  Rock^^^ell  5 Numbers 


Annealing  Temperarture,  Degrees  F 


Figure  44. — Effect  of  annealing  and  cold^olling  on  the  ten- 
sile properties , hardness,  and  Erichsen  valve  of  a copper- 
nickel-zinc  alloy  (Cook  [2032  J ■ 

•Yield  strength,  0.1%  offset) 

Ni  Zn  7.93%,  Mn  0.14%,  Fe  0.09%,  C 0.019%,  Si  0.007%, 

Pb  0.003%,  S 0.002%. 

A,  Effect  of  cold-rolling;  B,effect  of  annealing;  sheet.  0.07 
in.,  cold-rolled  (60%  red.),  annealed  1/2  hour. 


Vicke'-s  Number  Vickers  Number 


doo 

150 

100 

50 

0 


Figure  45- — Tensile  properties , impact  valve,  and  hardness  of  wrought 
copper-silicon  alloys  (Broniewski  [6u5}  ) . 


(FloQgation  in  10  diam) 


Annealed  1 hour  at  1,380°F,  slowly  cooled. 
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Figure  46  — Tensile  properties  and  hardness  of  wrought 
copper-silver  alloys  (Broniewski  C65jG/'- 

(Elongation  in  10  diam) 

Annealed  12  hours  at  1,200°F,  air-cooled. 
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Figure  A7.— Tensile  properties,  impact  value,  and  hardness 
of  wrought  copper-tin  al  loys  (Broniewski  and  Wawrzynkiewicz 
[652}). 


(Elongation  in  10  diam) 
Annealed  at  840°F. 
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Brinel!  Number 


Figure  48- — Effect  of  annealing  on  the  tensile 
properties  and  hardness  of  cold-rolled  copper- 
tin  alloys  (Jennison  and  Girvin  [650]). 

Sheet,  0.04  in.,  cold-rolled  (.50%  red.),  annealed 
1/2  hour. 

A,  Sn  4.5%,  P 0.05%:  B,  Sn  10.5%,  P 0.05%. 
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Fictjre  49. — Effect  of  cold-rolling  on  the  tensile  proper- 
ties and  hardness  of  a copper- tin  alloy  (Cook  and  Tallis 
[_6532  ) . 


(Yield  strength,  0.1%  offset) 

Sn  5.27%,  P 0.09%,  Fe  less  than  0.01%,  Pb  less  than  0.005%. 
Annealed  at  1,165°F  and  rolled. 


Tin,  Percen  f 


Figure  bO~Effect  of  tin  content  on  the  prop- 
erties of  sintered  copper-tin-graphite 
compacts  (Koehring  [52] J. 

Base  mixture,  90  parts  copper  and  2 parts  graph- 
ite. Compacts  sintered  at  1,  500°F. 
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Rockwell  B and  Brinell  Numhers 


Sintering  Temperature,  "F 


Figure  51. — Effect  of  sintering  temperature  on 
the  properties  of  sintered  copper-tin-graphite 
compacts  (Koehring  [_523  ) . 

Cu  90  parts,  Sn  10  parts,  graphite  2 parts. 


Briquett ing  Pressure, 
Kip  s//n.  ^ 


Figure  52. — Effect  of  briquetting  pressure 
on  the  properties  of  sintered  copper- 
tin-graphite  compacts  (Koehring  [52]  J . 

Cu  90  parts,  Sn  10  parts,  graphite  2 parts. 
Sintered  at  about  1,  500°F. 
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Figurk  53. — Effect  of  particle  size  on  the  properties 
of  sintered  copper-tin-graphite  compacts  (Koehring 
152} ) . 

Cu  90  parts,  Sn  10  parts,  graphite  6 parts. 

The  screen  analyses  of  the  copper  powders  were: 
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Figure  55. — Tensile  properties  and  hard- 
ness of  copper-zinc  alloys  (CroMpton 
lieu]). 


Figure  54. — Tensile  properties , impact  value,  and  hardness 
of  wrought  copper- zinc  alloys  ( droniewski  and  Trzebski 
[S54\ ) . 


(Elongation  in  10  diam) 


Sheet,  0.04  in.  Curves:  1,  soft  anneal; 
2,  light  anneal;  3,  rolled  (21%  red.); 
4.  rolled  (37%  red,);  5,  rolled  (60% 
red.  ). 


A,  Annealed  2 hours  at  1,020  F;  B,  cold- rolled  (40%  red.). 


[128] 


Figure  56-  — Effect  of  annealing  on  the 
tensile  properties,  endurance  limit, 
and  shear  strength  of  a cold -dram 
copper-zinc  alloy  (HcAdam  [851  j . 

Zn  19.06%,  Pe  0.05%,  Pb  less  than  0.01%. 

Annealed  1 hour. 


§ 

I 


/Innea/ing  Temperature,  °F 


Figure  57. — Effect  of  annealing  on  the  ten^ 
sile  properties , endurance  limit,  and 
shear  strength  of  a cold-dram  copper- 
zinc  al  loy  (McAdam  [851 ) . 


Zn  29.99%,  Fe  0.05%,  Pb  less  than  0.01%. 


Annealed  1 to  1 1/2  hours. 


Figure  58. — Effect  of  annealing  and  cold-drawing 
an  the  tensile  properties  of  a copper-zinc  a I loy 
containing  3d  percent  of  zinc  (Pratt  [655}}. 

A,  Effect  of  cold-drawing;  B,  effect  of  annealing 
the  cold-worked  alloy. 
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Figure  59. — Conp'r essive  properties,  hardness,  and  density 
of  copper-zinc  powder  compacts  containing  25  percent  of 
zinc  (Goetzel  \-52'\  } . 

(Compression  is  the  reduction  in  thickness  at  the  point 
where  edge  fracture  first  occurred) 

A,  Cold-pressed  and  sintered  at  l,470oF;  B,  hot-pressed  under 
hydrogen  at  930°F. 

Curves:  1,  test  pieces  prepared  from  pre-alloyed  powder; 
2,  test  pieces  prepared  from  mixed  powders. 
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Figure  60. — Effect  of  annealing  and  cold-rolling  on  the  ten- 
sile properties,  hardness,  and  Erichsen  value  of  a copper- 
zinc-nickel  alloy  (Cook  [^20^). 

(Yield  strength,  0.1%  offset) 

Zn  27.14%,  Ni  10.05%,  Mn  0.13%,  Fe  0.04%,  Si  0.009%,  C 0.007%, 
Pb  0.005%,  S 0.003%. 

A,  Effect  of  cold-rolling;  B,  effect  of  annealing;  sheet,  0.07 
in.,  cold-rolled  (60%  red.  I,  annealed  1/2  hour. 
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Figure  61.— Effect  of  annealing  and  cold-rolling  on  the  ten- 
sile properties,  hardness,  and  Erichsen  value  of  a copper- 
zinc-nickel  alloy  (Cook  [203^  J. 

(Yield  strength,  0,1%  offset) 

Zn  19.36%,  Ni  18.40%,  Mn  0.12%,  Fe  0.07%,  C 0.008%,  Pb  0.004%, 
Si  0.004%,  S 0.003%. 

A,  Effect  of  cold-rolling;  B,  effect  of  annealing;  sheet, 
0.07  in.,  cold-rolled  (60%  red.),  annealed  1/2  hour. 
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COPPKR-SIl  ICON  AMOYS 


COPPKR-S  n ICflN  ALLOYS — Continued 
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[135] 


Charpy  Impact  value  (ft-lb)  at  7;i°F,  20;  400“F,  20;  500“F,  15;  600°F,  2.2. 


COPPEH-riN  ALLOYS— Continued 
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Figure  62.  — Short-tine  tensile  properties  and 
inpact  value  of  hot-rolled  oxygen- free  and 
tough-pitch  copper  at  high  tenp  eratures 
(Lorig,  Dahle,  and  Roberts  [656\). 

(Elongation  in  2 in.  ) 

A,  Oxygen-free  (OFHC);  B,  electrolytic  tough- 
pitch. 
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Temperature,  Degrees  F 


Figure  QZ.  - Short  - tine  tensile  properties  and 
impact  value  of  cast  oxygen- free  and  tough- 
pitch  copper  at  high  temperatures  (Lorig, 
Dah  I e , and  Ro berts  [SSdl ) . 

(Elongation  in  2 in.  ) 

A,  Oxygen-free  (OFHC);  B,  electrolytic  toueh- 
pitch. 
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Figure  Q^.  — Short-tine  tensile  properties  and 
endurance  limit  of  copper  at  high  temper- 
atures (Schwinning  and  Strobel  [657]). 

(Yield  strength,  0.2%) 

A.  Annealed  1/2  hour  at  1,200°F;  B,  hard-rolled. 
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Figure  65. — Short-tine  tensile  properties  of  a 
copper -nickel- zinc  alloy  at  high  tenperatures 
(Clark  and  Vhite  089^). 

Ni  29.38%,  Zn  5.67%,  Mn  0.42%. 

Rod,  3/4  in.  diameter,  cold-drawn  (27%  red. ). 


Temperature,  Decrees  F 


Figure  66. — Short-tine  tensile  properties , inpact  valve, 
and  hardness  of  a copper-tin  alloy  containing  5 per- 
cent of  tin  at  various  tenperatures  (Broniewski  and 
SzreniaijJS  ki  [658]  J • 

(Elongation  in  10  diam) 

Cold-drawn  and  annealed  1/2  hour  at  1,H0°F. 
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Tennperafure,  Degrees  F 


Figure  67. — Short-time  tensile  properties  of  copper- 
zinc  alloys  at  high  temperatures  (Price  ll73]). 

A,  Zn  10.05%,  Fe  0.02%,  Pb  0.001%;  annealed;  B,  Zn 
19.85%,  Fe  0.02%,  Pb  0.01%;  cold-drawn  (30%  red.). 
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Figure  68.  — Short-  tine  tensile  properties  of  cop-oer- 
zinc  alloys  at  high  temperatures  (Price 


A,  Za  31.98%,  Fe  0.02%,  Pb  0.001%;  cold-rolled  (20% 
red.);  B,  Zn  37.54%,  Pb  0.04%,  Fe  0.02%;  cold- 
drawn  ( 20%  red.  ) . 


[142] 


PlIRb;  AND  COMMRRCIAI.  COPPRR 


copper-beryililim  ALIOYS 


COPPER-BER'VLLIUH  ALLOYS —Continued 
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CODper  and  copper  alloys,  low-temperature  propert  ies—Cont,inuei 
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Tabi.e  lb  .—Copper  and  copper  alloys,  thermal  expansion 
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1179 Pb  26.62’  Sn  7.75’  Ni  0.25....  Sand-cast  from  1,095'^ ^9-0  19.0  19.0  [199] 


COPPER-MANGANESE  ALLOYS 
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Coefficient  of  linear  expansion  per  decree  centigrade 
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Base  temperature  0°C  Instead  of  20“c.  'Base  temperature  25“C  Instead  of  20‘’C.  *0'  to  40°C.  ^Base  temperature  30°C  Instead  of  20°C. 


PURE  AND  COMMERCIAL  COPPER  (SEE  ALSO  FIGS.  69,  70  AND  71) 
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This  value  is  alpha  of  the  general  equation, 


Tabiu  16. — Copper  and  copper  alloys,  electrical  and  thermal  properties — Continued 
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This  value  is  alpha  of  the  geuerfti  equation. 


Copper  and  copper  alloys,  e iectr  ica  I and  thermal  propert  ies — Continued 
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COPPER-SILICON  ALLOYS 
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COPPER-ZINC  ALLOYS 
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Electrical  Conduct iv^ity , Percent  IAC5 


no 


Added  Element,  Percent 


Figure  69. — Effect  of  iron,  nickel,  and  cobalt  on  the  elec- 
trical conductivity  of  high-purity  oxygen- free  copper 
(Smart  and  Smith 

Curves:  1,  annealed  at  930°F;  2,  annealed  at  1,110°F  and 

cold-drawn  (75%  red). 
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/Ic/ded  Element,  Percent 


Fiourb  70. ~^Sf feet  of  varicyus  elements  on  the  electrical 
conductivity  of  annealed  oxygen- bearing  copper  (Skow- 
ronski  and  Wyman  [559]  A 


545875  0 - 43  - 11 
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000!  0.0!  0.1  t.O 

/^dded  Element,  Percent 


Figure  71.~Effect  of  various  elements  on  the  electrical 
conductivity  of  annealed  oxygen- bearing  copper  (Skow- 
ronski  and  Wyman  [659]). 
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VIL  IRON  AND  STEEL 


(161) 


1.  Society  of  Automotive  Engineers'  The  basic  numerals  are: 

Steel  Numbering  System  [411]  numerals 

Type  of  steel  (and  digits) 

A numerical  index  system  is  used  to  Carbon  steels ucxx 

identify  the  composition  of  these  steels,  plain  carbon loxx 

which  makes  it  possible  to  use  numerals  on  Free  cutting  (screw  stock) uxx 

shop  drawings  and  blueprints  that  are  Manganese  steels i3xx 

partially  descriptive  of  the  material  Nickel  steels 2xxx 

covered  by  such  numbers.  The  first  digit  3. 50^5  Ni .....23xx 

indicates  the  type  to  which  the  steel  s.oo^  Ni 26xx 

belongs;  thus  "1”  indicates  a carbon  steel,  Nickei-chromium  steels 3xxx 

etc.  In  the  case  of  simple  alloy  steels, v i.25%  ni,  o.eo^  Cr 3ixx 

the  second  digit  generally  indicates  the  i.75%  ni,  i.oo^  Cr 32xx 

approximate  percentage  of  the  predominant  3.50^  ni,  i.so^  Cr ...33xx 

alloying  element.  Usually  the  last  two  or  Corrosion  and  heat-resisting 30XXX 

three  digits  indicate  the  approximate  Molybdenum  steels 4xxx 

average  carbon  content  in  "points,"  or  Carbon-moiybdenum 40xx 

hundredths  of  1 percent.  Thus  "2340"  in-  Chromium-molybdenum 41XX 

dicates  a nickel  steel  of  approximately  3 Chromlum-nlckel-molybdenum 43XX 

percent  of  nickel  (3.25-3.75)  and  0.  40  percent  Nickel-molybdenum  (i.75?S  Ni) 46xx 

of  carbon  (0.38-0.43).  Nlckel-molybdenum  (3.50^  NI) 48xx 

In  some  instances,  to  avoid  confusion.  Chromium  steels sxxx 

it  has  been  found  necessary  to  depart  from  low  chromium. sixx 

this  system  of  identifying  the  approximate  Medium  chromium 52xxx 

alloy  composition  by  varying  the  second  Corrosion  and  heat-resisting 61XXX 

6Uld  third  digits  of  the  number.  An  in—  Chromium-vanadium  steels 6xxx 

stance  of  such  depsirture  is  the  steel  num-  i%  Cr eixx 

bers  selected  for  several  corrosion  and  sii icon-manganese  steels 9xxx 

heat-resisting  alloys.  2%  si 92xx 
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Indicates  a composition  approximatelv  tlie  staiKlard. 


Society  of  Automotive  Engineers,  1942  [223] — Continued 
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Indicates  a composition  appro: 


Combined  standard  steel  lists  of  American  iron  and  Steel  Institute  and  Society  of  Automotive  Engineers,  [223]— Conlinued 
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^Indicates  a composition  approximately  the  standard.  ®S  or  Se  0.07  minimum.  ^Minimum 


[This  table  Is  based  on  average  hard^abljity  values] 
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'Recommended  for  large  sections  only. 


Table  19  —Approximate  hardness  conversion  table  for  SAE  carbon  and  alloy  constructional  steels''  [225] 
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This  table  applies  only  to  steel  of  uniform  chemical  composition  and  uniform  heat  treatment,  and  it  is  not  recommended  for  nonferrous  metals  or  for  case-hardened  steels. 


5.  Society  of  Automotive  Engineers' 
Summary  Charts  [411] 

The  information  contained  in  the  conven- 
tional mechanical  property  charts  has  been 
reorganized  to  present  a clearer  picture  to 
the  engineer  of  the  relation  of  hardness  to 
yield  strength,  tensile  strength,  and  re- 
duction of  area. 


Figures  72  and  73  illustrate  the  princi- 
ple that  regardless  of  composition,  steels 
of  the  same  hardness  produced  by  tempering 
after  hardening,  will  have  approximately 
the  same  tensile  strengths.  Figure  74 
shows  that  the  reduction  of  area  varies  in- 
versely with  the  hardness  and  that,  for  a 
given  hardness,  the  reduction  of  area  is 
higher  for  alloy  steels  than  it  is  for 
plain  carbon  steels. 


Brinell  Number 


Figure  72. — Relation  betiveen  hardness  and  tensile 
strength  for  steels  [dll]  ■ 

Applicable  to  carbon  and  alloy  steels  with  carbon 
contents  of  0.3  to  0,5  percent  in  the  hardened 
and  tempered,  as  rolled,  annealed,  and  normal- 
ized conditions. 
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Figure  73. — 'Relation'  between  tensile  strength  and  yield 
point  for  steels  [Ull]  . ' 

Applicable  to  carbon  and  alloy  steels  with  carbon  con- 
tents of  0.3  to  0.5  percent  in  the  quenched  and  tem- 
pered condition.  The  solid  curve  should  be  used  as 
the  normal  expectancy  curve;  the  broken  lines  repre- 
sent variations  which  may  occur.  The  low  ratio  of 
yield  point  to  tensile  strength  represented  by  the 
left  side  of  the  zone  is  an  indication  of  incomplete 
response  to  hardening. 
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Figure  74. — Relation  between  tensile  strength  and  reduction  of 
area  for  steels  [Ulf], 

Curves;  i,  alloy  steels  SAE  1800,  2300,  3100,  3200,  4100,  4300, 
5100,  6100;  2,  carbon  steels  SAE  1000  series. 

The  two  diagonal  lines  may  be  taken  as  the  normal  expectancy 
curves  in  estimating  the  normal  reduction  of  area  from  ten- 
sile strength  or  hardness.  Cross  lines  indicate  variations 
from  the  mean  which  may  be  caused  by  quality  differences  and 
by  the  magnitude  of  the  parasitic  stresses  induced  by 
quench ing. 
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Figure  VS- — Maximm.  hardness  obtainable  in  quenched 
carbon  and  alloy  steels  (Burns,  Moore,  and 
Archer  [58j ) . 


/ 
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6.  JOifINY  END-QUENCH  TEST,  DEFINITION 

The  curves  in  figure  76  illustrate  the 
method  of  comparing  the  hardenabill  ty  of 
steels  by  means  of  the  Jominy  end-quench 
tests,  which  is  recommended  as  the  standard 
method  of  determining  hardenability  by  the 


Society  of  Automotive  Bigineers.  The  test 
consists  in  quenching  one  end  of  a 1-in.- 
diameter  sample  of  the  steel  and  measuring 
the  distance  to  which  it  hardens  from  the 
quenched  end.  The  method  may  also  be  used 
to  predict  the  hardness  obtainable  with  any 
steel  in  a new  application. 


Figure  7 Q,,—  Comparison  of  the  hardenability  of 
a standard  steel  and  an  alternate  emergency 
steel  [607]. 

Curves;  1,  C 0.14%,  Ni  4.98%.  Mn  0.60%,  Si  0.26% 
(standard  electric  furnace  steel  A 2515), 
normalized  at  hTOO^F,  quenched  from  1,475°  F; 
2,  C 0,18%,  Ni  0.63%,  Cr  0.47%,  Mo  0.33%, 
Mn  0.86%,  Si  0.30%  (NE  8817),  normalized  at 
1,600°F,  quenched  from  1,  560°F. 
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[For  a discussion  of  the  ideflnlteness  of  values  reported  for  yield  strength  and  particularly  for  "proportional  limit"  see  pages  5 and  6.  Hardness  numbers  are  Brinell  numbers  unless  prefixed 
Rg,  R(,,  etc.  (Rockwell  B,  Rockwell  C,  etc.);  S (Scleroscope)  ; V (Vickers).  Impact  value  determined  by  Charpy  method  unless  prefixed  Iz  ( I zod  method)  . ] 
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CARBON  STEELS  (SEE  ALSO  FIGS.  80  TO  90,  INCLOS 


Table  20. — -Iron  ana  steel,  norm  I -temperature  properties— Conlinnea 
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Reversed  torsion.  Notch  impact  value,  m-kg/cm. 


CARBON  STEELS— Continued 
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•^Surface  hardness.  Axial. 


C A RB ON  S TEELS — Continued 
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Reversed  torsion.  ®Zero  to  maximum  torsion. 


CHRUMIU.\1  STEELS  — Continued 
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Surface  hardness. 
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Reversed  torsion. 
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Notch  Impact  value,  ra-kg/cm.®  ‘^Surface  hardness, 
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‘Reversed  torsion.  ’^Notch  impact  value,  m-kg/cm.^  ^Compression  specimen  o-q  from  1,825®F,  tempered  at  400°F. 
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Table  20. — Iron  and  steel,  normal-temperature  properties — Continued 
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C 0.54,  Cr  0.96, 

V 0.15,  Mn  0.82, 

Si  0.26,  S 0.06J5, 

P 0.016. 

...  do 
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Reversed  torsion.  *^Notch  impact  value,  m-k^cm.^  ® Zero  to  maximum  torsion. 


CHROMIUM- VANADIUM  STEELS — Continued 
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COPPER  STEELS  (SEE  ALSO  FIGS.  101  TO  104,  INCLUSIVE) 
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COPPEB  STEELS — Continued 
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MANGANESE  STEELS  (SEE  ALSO  FIG,  105) 
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Notch  Impact  value,  m-kg/cm. 


MANGANESE  STEELS— Continued 
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MOLYBDENUM  STEELS— Continued 
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Notch  impact  value,  m-k^cm. 


NICKEL  STEELS— Continued 
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‘Reversed  torsion.  ^Surface  hardness. 


Tensile  properties 
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Reversed  torsic«i.  Notch  impact  value,  ra-kg/cm.^  ® Surface  hardness. 


Iron  and  steel,  normal-temperature  properties — Continued 
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‘Reversed  torsion.  ^Notch  impact  value,  m-kg/cra. 
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Notch  impact  value,  m-kg/cm.^  ‘^Surface  hardness. 
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Notch  impact  value,  m-kg/ cm.  ^ ®Zero  to  maximum  torsion. 


Table  20. — Iron  and  steel,  normal  -temperature  properties — Continued 
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Reversed  torsion.  Notch  impact  value,  m-k^cm.^  ^ Unnotched.  ^At  1/2  load. 
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Tensile  Strength,  Kips! in. 


Sintering  Temperature,  Degrees  F 


FiouRE  77.  — Effect  of  sintering  temperature  on  the 
tensile  properties  and  density  of  electrolytic  iron 
powder  compacts  'Libsch,  Volterra,  and  Vulff  [52]J. 

Compressed  and  sintered  in  hydrogen. 

Screen  analysis:  -100  +200  mesh,  66%;  -200  +326  mesh, 
17%;  325  mesh,  17%. 
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Nofch  Impact,  mhgicm 


Figure  IQ.—Effect  of  annealing  and  cold-drawing  on  the  ten- 
sile properties,  impact  value,  and  hardness  of  ingot  iron 
(Broniewski  and  Rooowski  J 


C 0.080%,  P 0.024%,  S 0.019%,  Si  0.007%. 

A,  Effect  of  annealing;  material  cold-worked  (60%  red.  ), 
annealed  1/2  hour;  B,  effect  of  cold-drawing. 
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Fiohrr  79.  — Probable  hardening  effect  of  various 
elements  in  pure  iron  (Bain 


Carbon,  Percent 

Figure  80.  — Densities  of  hot-rolled  and  annealed  carbon 
stee  Is  ( Cross  and  Hill  [_66^  ) . 

Curves:  1,  hot-rolled;  2,  annealed. 

The  densities  are  given  approximately  by  the  following 
formulas: 

Hot-rolled. . . . density^? .855-0.032  C 

Annealed density=7.860~0.04  C 

(C=carbon  content  in  percent) 
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Stress,  Kips/in.  ^ Bn  net  I Number 


500 


Reduction  in  Thickness,  Percent 


Figure  81. -Compressive  strength  of  a 0.15  percent  carbon 
steel  (Crane 

The  sample  tested  was  3/4  in.  in  diameter  and  1/2  in.  in 
height  and  had  been  annealed  and  furnace  cooled.  The 
test  was  interru-pted  periodically  and  the  sample  re- 
moved for  hardness  and  dimension  measurements.  After 
compressing  the  sample  to  60  percent  of  its  original 
height,  it  was  reannealed  and  the  test  continued  as 
shown  in  the  section  of  the  curve  to  the  right.  The 
stress  values  plotted  were  calculated  on  the  true 
rather  than  the  origin^ll  area  of  the  sample. 
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C harpy  Impact , ft-lh 


Figure  82. — Average  tensile  properties , impact  valiie,  and  hardness  of  hot- 
worked  carbon  steels  (Sisco  [239^). 


Carbon,  Percent 


Figure  83. — Comparative  tensile  strengths  of  hot- 
rolled  Bessemer  and  open-hearth  steels  of  sim- 
ilar carbon  contents  ( McGinley  and  Woodworth 
[865]  ) . 

Curves;  1,  Bessemer,  average  P content  0.090%;  2, 
open  hearth,  average  P content  0.013%. 


[230] 


Bn  net  I Number 


Fioure  64: Campari  son  between  yield  point,  elonga- 
tion, and  inpact  value  for  Bessemer  and  open-hearth 
steels  of  equivalent  tensile  strengths  (McGinley 
and  Woodworth  [663]). 

Curves:  1,  Bessemer,  average  P content  0.090%;  2, 

open  hearth,  average  P content  0.013%. 
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Carbon,  Percent 


Figure  85.  — Average  tensile  properties  and  hardness  of 
fully  annealed  cast  carbon  steels  G3i3D • 


Carbon,  Percent 


Figure  86. — Compression  of  cast  carbon 
steels  under  load  of  22d  kips/inP 
(Sisco  [^239]). 

Average  of  cast  and  annealed  samples. 
Samples  containing  more  than  0.701S 
of  carbon  fractured  before  the  full 
load  was  applied. 


Figure  87. — Effect  of  cold-rolling  on  the 
tensile  properties  of  hot-rolled  carbon 
steel  (Sisco  1239}  ) . 

C 0.045%,  Mn  0.37%,  S 0.023%,  P 0.  008%. 

Strip,  0.08  in.  Finishing  temperature  in 
hot-rolling:  curve  1,  1345°F;  curve  2, 
145o“F:  curve  3,  1615“f. 


[232] 


Ehng  in /O /n.  Percent  End  Lim,  Kipsjin^^  Tensi/e  Strength,  Kipsjind 


ISO  

0.0  0.05  0.10  0.15  0.50  0.55 


Diameter  of  Wire,  inches 

Figure  89. — Tensile  strength  of  steel  wire  (Eakin 
[665\  ) . 

Curves;  1,  music  wire,  C 0.70-1.00%,  Mu  0.25-0.50%, 
Si  0.10-0.30%,  P 0.025%  (max),  S 0.025%  (max); 
2,  hard-dravra  steel  wire,  C 0.50-0.70%,  Mn  0.70- 
1.10%,  Si  0.10-0.20%,  P 0.04%  (max),  S 0.04% 
(max);  3,  oil-tempered  or  stainless-steel  wire. 
The  oil-tempered  wire  had  a composition  similar 
to  that  of  the  hard-drawn  wire  (2).  The  stain 
less-steel  wire  contained  18%  of  chromium  and 
8%  of  nickel. 


Figure  88. — Tensile  properties  and  endurance  limit 
of  cold-drawn  steel  wire  (Godfrey  [_865}  J . 

Curves:  1,  C 0.05%,  Mn  0.11%  (drawn  from  a hot- 

rolled  green  rod);  2,  _C  0.16%,  Mn  0.49%  (drawn 
from  a hot-rolled  green  rod);  3,  C 0 . 39%,  Mn  0.75% 
(drawn  from  a lead-patented  rod);  4,  C 0.68%, 
Mn  0.60% (drawn  from  wire  given  an  intermittent 
patenting);  6,  C 0.90%,  Mn  0 . 35%  ( drawn  fron  wi  re 
given  an  intermittent  patenting). 
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Figure  00. — Damping  characteristics  of  steels 
and  cast  iron  (von  Beydekanpf  l68^). 


CHEMICAL  COMPOSITION 


MECHANICAL  PROPERTIES 


Curve 

Yield  point 

Tensile  strength 

Elongation 

Reduction 
of  area 

Endurance  limit 

L 

Kips/ in. ^ 

Kips/ in.  ® 

Percent 

Percent 

2 

Kips/ in. 

2. 

3 

37.0 

4 

190 

142-164 

176 

11  (10  diam) 
12-16 

12  (10  diam) 

77.0 

S 

120-142 

60-65 

6 

78.0 

According  to  von  Heydekampf,  damping  capacity  is  defined  by  Pfa'ppl  as  "the  amount  of  work  dissipated 
into  heat  by  a unit  volume  of  the  material  during  a completely  reversed  cycle  of  unit  stress.  " 
It  is  measured  in  inch-pounds  per  cubic  inch  (or  centimeter-kilograms  per  cubic  centimeter)  per 
cycle.  In  comparing  materials,  damping  capacity  should  be  applied  only  to  those  having  the  same 
modulus  of  elasticity.  For  materials  having  different  moduli,  the  specific  damping  capacity 
should  be  used.  This  value  is  the  damping  capacity  divided  by  the  potential  energy  at  maximum 
stress.  By  plotting  the  specific  damping  capacity  in  percent  against  the  maximum  torsional 
stress  for  various  materials,  a series  of  curves  is  obtained,  from  which  the  ability  of  a material 
to  damp  out  vibrations  may  be  determined. 
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t'ieldand  Tensile  Strengths,  ITipslinT  Yield  and  Tensile  Strengths,  Kips  jin. 


Chromium,  Percent 


Chromium,  Percent 


Figure  91.— Tensile  properties  of  nor- 
malized chronim  steels  (French  [327'])- 

A,  C 0.2%;  B,  C 0.8%. 


Figure  92. — Effect  of  cold-dratdng  on  the 
tensile  properties  and  hardness  of 
annealed  stainless-steel  wire  contain- 
ing 12  percent  of  chromium  (Watkins 
[667]  ) . 


Figure  93. — Effect  of  tempering  on  the  tensile 
properties  and  hardness  of  stainless-steel 
wire  containing  12  percent  of  chromium  (Watkins 
[667]  ) . 

(Elongation  in  2 in.  ) 

Oil-quenched  from  1,  800°F  and  tempered  1 houi. 
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Figdrk  94- — Tensile  properties , impact  value,  and  hard- 
ness of  US  8630  steel  (Jones  [668']). 

C 0.304*,  Cr  0.49%,  Ni  0,42%,  Mo  0 . 22%,  Mn  0,80%,  Si  0.25%, 
P 0.014%,  S 0.016%. 

Bar,  1 in.  diameter,  normalized  at  1,  650°P,  oil-quenched 
from  1, 560°F,  and  tempered  approximately  1 hour. 


Tempering  Temperature,  Degrees  F 


Figure  95. — Tensile  properties,  impact  value,  and  hard- 
ness of  SE  8739  steel  (Jones  [668]). 

C 0,41%,  Cr  0,47%,  Ni  0.46%,  Mo  0,26%,  Mn  0.86%,  Si  0.31%, 
P 0.015%,  S 0.0  19%. 

Bar,  1 in.  diameter,  normalized  at  1, 650°F,  oil-quenched 
from  1,  625°F,  and  tempered  approximately  1 hour. 
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Figure  96. — Tensile  properties,  impact  value,  and  hard- 
ness of  HE  8949  steel  (Jones  [,668]). 

0 0.49%,  Cr  0,51%,  Ni  0.52%,  Mo  0.38%,  Mn  1.10%,  Si  0.27%, 
P 0.018%,  S 0.015%. 

Bar,  1 in.  diameter,  normalized  at  1,  650°F,  oil-quenched 
iron  1,  500°F,  and  tanpered  approximately  1 hour. 


[237] 


Tempering  Temperaturei  Degrees  F 


Figure  97.  Tensile  properties,  impact  value,  and  hard- 
ness of  HE  870-9  steel  ( Jones  ]668\J . 

C 0.646%,  Cr  0.52%,  Ni  0,46%,  Mo  0.27%,  MnO.83%,  Si  '0.23%, 
P 0.016%,  S 0.016%. 

Bar,  1 in.  diameter,  normalized  at  1,  660°P,  oil-quenched 
from  1,  600°P,  and  tempered  approximately  1 hour. 
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Figure  98,  — Effect  of  cold- rolling  on  the  tensile  and 
compressive  properties  of  stainless-steel  sheet 
( Aitchi  son,  Tuckerman,  Ranberg,  and  Whittenore 
1669']  ) . 


(Yield  strengths,  0.2%  offset) 

C O.m,  Cr  17.90%,  Ni  6.72%,  Mn  0.56%,  Si  0.272%, 
P 0.014%,  S 0.0  15%. 

Sheet,  0.020  in.  tested  parallel  to  rolling  direction. 
Curves:  1,  cylinder  compression;  2,  pack  compres- 

sion. 


545875  0-43-16 
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Figure  99. — Effect  of  cold-draujin^  on  ttie  tensile 
properties  and  hardness  of  annealed  stainless- 
steel  wire  (Catkins  [66?}). 

Cr  18%,  Ni  61. 


Titanium , Percent 


Figure  100.  — Effect  of  titanium  on  the  tensile  proper- 
ties, impact  value,  and  hardness  of  cast  chromium- 
nickel  steels  (Dima  ) . 

Cr  20-24%,  Ni  10-13%,  Mn  0.  60-0.75%,  Si  0,4-0. 9%,  C 0.10-' 
0.13%,  P 0.015-0.023%,  S 0.006-0.017%.  Quenched  in 
water  from  2,  000°F. 
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Carbon  Percent 


Carbon,  Percent 


Figure  102.  — Tensile  properties  coid  hardness  oj 
quenched  and  tempered  copper  steels  (Lorig 
[6702  ) • 


Figure  1C  1, — Tensile  properties  and  hardness  of 
normalized  copper  steels  (Lorig  [670]). 


Curves:  1,  Cu  0%;  2,  Cu  1%;  3,  Cu  2%.  Water- 
quenched  from  1,  660°F  and  tempered  at  1,  250°F, 


Curves;  1,  Cu  0%;  2,  Cu  1%;  3,  Cu  2%.  Normalized 
at  1,  650°F. 
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Figure  lOZ.  — Tensile  properties  and  hardness  of  cast 
copper  steels  (Greenidge  and  Lorig  16711). 


C 0.30-0.32%,  Mn  0,65-0.86%,  Si  0.35-0.46%. 


Curves:  1,  nomalized  at  1660°F;  2,  normalized  and 

reheated  at  930°-960°F  for  3 hours,  air-cooled. 
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Cop/£>er,  Percent 


Figure  104. — Tensile  properties,  inpact  value,  and  hard- 
ness of  quenched  and  tempered  cast  copper  steels 
(Greenid^e  and  Lorig  \671\}. 

C 0.  30-0.35*,  Mn  0.76-0.80%,  Si  0.-40-0.  45%. 

Water-quenched  f rom  1,  600®-!.  650°F  and  tempered  at  1,  200°F. 
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Figure  106. — Tensile  properties  of  quenched 
and  tempered  molybdenum  steels  (Gre^^ 
[288]). 


Figure  105. — Tensile  properties  of  normalized 
manganese  steels  (French  [32?],^. 

A,  C 0.2%;  B,  C 0.4%. 


A,  .0  0.19-0.30%;  B,  C 0.44-0.50%. 
Oil-quenched  and  tempered  at  930°-l,  0 20°F. 
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Figure  107, — Tensile  properties  of  normalized  nickel  steels 
(French  [32?]), 


A.  C 0.  2%:  B,  C 0.4%. 
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Y/c/ and  Tns  Str,  Kips  / in.^  Y/d and  Tns  Sir,  Kips  /in. 


Figure  108. — Tensiie  properties  of  iron-nickel  alloys 
containing  0.2  percent  carbon  (Marsh  [2?^]). 

A,  Hot-rolled;  B,  annealed. 
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£long  and  Red.  of  Area,  Percent  Eiong  and  Red.  of  Area,  Percenf 


Tensile  Strent^th,  ITipslin, 


Diameter  of  Cas  t Bar,  Inches 


Figure  109. — Effect  of  section  thick- 
ness on  the  tensile  strength  of  gray 
cast  iron  (Campbell  [672]  J. 

Each  curve  represents  a different  com- 
position of  cast  iron.  The  dotted 
lines  marked  ASTM  bar  A,  ASTM  bar  B, 
and  ASTM  bar  C represent  the  three 
standard  sizes  of  test  bars  recom- 
mended in  the  ASTM  specifications 
for  gray  iron  castings. 

\ 


Diameter  of  Cast  Bar,  Inches 


Figure  110. — Effect  of  section  thickness  on  the  compres-- 
sive  strength  of  cast  iron  (Campbell  \_67S\)  . 


Curve 

Total  C 

Si 

Mn 

S 

P 

Percent 

Percent 

Percent 

Percent 

Percent 

1 

3.52 

2.47 

0.58 

0.06 

0.41 

2 

3.50 

2,58 

.59 

.07 

.44 

3 

3,55 

2.74 

.66 

.07 

.40 

Separately  cast  test  bars. 
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Figure  111. — Effect  of  section  thickness  on  the  tensile,  com- 
pressive, shear,  and  endurance  properties  of  permanent  mold 
gray  cast  iron  ( Schneidewind  and  Hoenicke  13d?]). 

Typical  analysis;  TC  3.52%,  GC  3.41%,  CC  0.11%,  Si  2.55%, 
Mn  1.01%,  S O.OR6%,  P 0,215%.  Cast  in  water-cooled  molds 
and  fully  annealed  to  give 
graphite. 


a structure  of  ferrite  and 


(The  broken  lines  indicate  tests  on  material  heated  1 hour  at 
1,  525°F,  quenched  in  oil  and  tempered  1 hour  at  850°F.  1 
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Figure  112. — Effect  of  various  elements  on  the  tensile  strength 
and  hardness  of  an  electrically  melted'  cast  iron  [177], 

Composition  of  base  iron:  TC  3.24%,  GC  2.57%,  CC  0.67%,  Si  1.88%, 
Mn  0.71%,  P 0.17%,  S 0.09%. 


1^0  160  doo  eio  eso 

Brinell  Number 

Figure  113. — Relation  between  hardness  and 
tensile  properties  for  malleable  cast 
i ron  [ 35U\ , 
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Elongation  in  E in,,  Percent 
Yield  and  Tensile  Strengths,  Kipsli. 


Figure  114. — Effect  of  copper  on  the 
tensile  properties  and  hardness  of 
malleable  cast  iron  (Lorig  and  Smith 
[35S] ) . 


Manganese,  Percent 


Figure  115.  — Effect  of  manganese  on  the  tensile 
properties  of  malleable  cast  iron  [35U] • 


Figure  116.  — Effect  of  molybdenim.  on  the  tensile 
properties  of  malleable  cast  iron  [286] ■ 
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Depression  of  initial  freezing  fliguidusj  temperature  of  iron  for  tne  impurities  and  alloying  elements  usually  found  in  steels*^  [228] 

[freezing  point  of  iron  = l,539°C  (2,802°F)] 
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[For  a discussion  of  the  indefiniteness  of  values  reported  for  yield  strength  and  particularly  for  "proportional  limit,"  see  pages  5 arid  6.  llar'lness  numbers  are  Brinell  numbers  unless  prefl  xerl 
'■tj. » etc.  (Hockwell  B,  Bockweli  C,  etc.);  S (Scleroscope) ; V (Vickers),  impact  value  determined  by  Charpy  method  unless  preflxeil  Iz  (Izod  method).] 
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■Modulus  of  elasticity:  57°F,  28,900  Klps/in.^;  302°F,  27,100  Klps/in.^;  392“F,  25,500  Kips/in. * 

'Cooperative  test  on  carbon  steel  11-20.  Values  are  the  overall  ranges  reported  by  the  group  of  cooperating  laboratories. 


CARBON  ST EKLS— Continued 
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Iron  and  steel,  high-ter'perature  propert I'es  — Continued 
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CHHOMIUM  STEELS— Continued 
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MANGANESE  STEELS 
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Eildurance  limit:  room,  35.0  kips/in.^;  1,200°F,  23.0  klps/in. 
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CAST  IRONS  (SEE  ALSO  FIGS.  12S  AND  129) 
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OHodulus  of  elasticity:  SO^F,  23,800  kl^s/ln.®;  600°?,  20,800  klps/ln.®;  800°F,  22,500  kips/in.®;  1,000“F,  16,000  klps/in. 
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Figure  117.  — Tensile,  shear,  rwpture,  and  endurance 
properties  of  ingot  iron  ( Amco)  at  high  temper- 
atures (Kenyon  [229]  1. 

(Elongation  in  4 /area) 


Temjoeraf  ure.  Degrees  F 


Figure  118. — Short-  tine  tensile  properties 
of  wrought  iron  at  high  temperatures 
(Green  I67d]). 
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0 800  ^00  600  600  1000  1600 

Temperature,  De<^rees  F 

Figure  119. — Endurance  Unit  of  iron-carbon  alloys  at 
high  temperatures  (Batson  and  lapsell  [87^). 

Curves;  1,  ingot  iron  (irmco);  2,  C 0.17%,  rolled  and 
normalized;  3,  C 0.24%,  rolled  and  normalized;  4, 
C 0.51%,  rolled  and  normalized;  6,  C 0.53%,  cast. 


Figure  120. — Short-tine  tensile  properties  and  en- 
durance Unit  of  a carbon  steel  at  high  temper- 
atures (Eempel  and  Tillmanns  [676']). 


(Yield  strength,  0.2%;  endurance  limit  at  2X10® 
cycles) 

C 0.58%,  Mn  0.72%,  Si  0.18%,  Annealed  If  2 hour  at 
1,  560°F  and  furnace-cooled. 
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Figure  121. — SndurcBice  Unit  of  alloy  steels  at 
high  temperatures  (Kinney  [67'fi}. 

Curve  1,  C 0.4%,  Ni  3.6%,  Mn  0.8%,  Si  0.3%  (SIE 
2340).  Oil-quenclied  from  1,450°F  and  tempered 
lf2  hour  at  800°F. 


Proportional  limit 136  kips/in,  ^ 

Tensile  strength 166  kipsfin.  ^ 

Elongation  in  2 in....  11% 

Reduction  of  area 68% 


Curve  2,  C 0.27%,  Ni  1.99%,  Cr  0.86%,  Mo  0,41%, 
Si  0,25%,  P 0,015%,  S 0.011%  (Ni-Cr-Mo  steel). 
8 hours  at  1,  740°F,  oil-quenched,  tempered 
at  1,  200“F. 


Yield  strength 86  kipsf  in.  ® 

Tensile  strength 130  kipsfin.  ^ 

Elongation  in  2 in...,  23% 

Reduction  of  area 67% 


Curve  3,  C 0,10%,  Cr  12,39%,  Ni  0.38%,  Mn  0.29%, 
Si  0,31%,  S 0.019%,  P 0.014%  (Cr  steel).  6 
hours  at  1,  176°F,  furnace-cooled  to  570°F 
and  air-cooled  to  room  temperature. 


Yield  strength 80  fcips/in.® 

Tensile  strength 112  kips/in.  ^ 

Elongation  in  2 in 24% 

Reduction  of  area.....  68% 


(Properties  listed  are  at  room  temperature.) 
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Temperatvre,  Det^rees  F 


Figure  122. — Design  strengths  for  iron- 
chromiim-nickel  alloys  at  high  tem- 
peratures (Corfield  1678^). 

Curves;  l,  Cr  2i%,  M 12%;  2,  Cr  2«S, 

Ni  10%;  3,  Cr  18%.  Ni  8%. 


Figure  123.  — Short-time  tensile  properties  and  endurance 
limit  of  a chromium-nicke l-tungsten  steel  at  high  tem- 
peratures (Hempel  and  Tillnanns  [676'\). 

(Yield  strength,  0.2%;  endurance  limit  at  2 X lO'^  cycles) 

C 0.56%,  Cr  15.5%,  Ni  13.3%,  V 2.02%,  Si  1.58%,  Mn  0.52%. 


[268] 


Figure  124  . — Short-tine  tensile  properties  of  a 
chroniun-nickel-tungsten  steel  at  high  tempera- 
tures (Hatfield  [353]^. 

(Yield  strength,  0.2%) 

C 0..346,  Cr  19.16*,  Ni  7.57*,  W 3.98*,  Si  1.24*, 
Mn  0,69*.  Air-cooled  from  1,  920°F, 

Rate  of  strain:  0.0085  in.  per  minute  to  yield  and 
0. 125  in.  per  minute  thereafter. 


Figure  IZb.  — Short- tine  tensile  properties  and  en- 
durance Unit  of  a molybdenum  steel  at  high 
temperatures  (Rempel  and  Tillnanns  {_676']J. 
(Yield  strength,  0.2*;  endurance  limit  at  2 X 10® 
cycles) 

C 0.14*,  Mo  0.51*,  Mn  0..43*,  Si  0.27*.  Air-cooled 
from  1,670°F. 
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Figure  126.  — Short-time  tensile  properties  and 
endurance  Unit  of  a nickel- chromiim  steel 
at  high  temperatures  (Marsh  \.27d]). 

CO.33%,  Ni  19.70%,  Cr  8,31%,  Si  1,16%,  Mn  0.49%, 


Temperature,  Decrees  F 


Figure  127. — Design  strengths  for  iron- 
nickel-  chromium  alloys  at  high  tem- 
peratures (Corfield  [678];. 

Curves:  1,  Ni  35%,  Cr  16%;  2,  Ni  66%, 

Cr  16%. 


Figure  128, — Tensile  strength  and 
endurance  limit  of  a cast  iron 
at  high  temperatures  (Collins  and 
Smith  [679];, 

(Endurance  limit  at  least  2 X lo'^ 
cycles) 

TC  2J84%.  GC  2.10%,  CC  0.74%,  Si  1.62%, 
Mn  1.05%,  Cu  0.37%,  Cr  0.81%, 
Ni  0.20%,  S 0,124%,  P 0.07%. 


•^OURE  12  9. — Compressive  strength  of  a cast 
iron  at  high  temperatures  [177]. 

C 8.5%,  Si  1.68%,  P 0.72%. 
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discussion  of  the  indefiniteness  of  values  reported  for  yield  strength  see  page  5.  Hardness  numbers  are  Brlnell  numbers  unless  prefixed  R^,  R^,  etc.  (Rockwell  B,  Rockwell  C,  etc. 

S (Scleroscope) ; V (Vickers).  Impact  value  determined  by  Charpy  method  unless  prefixed  Iz  (Izod  method).] 
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-101  °F, 


Ti^BiE  23.  — Iron  and  steel,  low-temperature  propert  ies — Continua 
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chromium  steels 
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Notch  impact  value. 


C Hiuni  I (]M  STEELS  —Continued 
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Notcli  impact  value,  in-k^cm. 


CHROMIUM  STEELS— Continued 
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-101°F.  ‘ Notxh  impact  value,  m-kg/cm^  at  -110°F. 

Notch  Impact  value,  m-kg/cn..^  ®-181°F. 
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[66] 
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[25] 

[25] 

Nlensile  specimen  0.25  in.  diara; 

1 impact  specimen  lOx  10  nun  with 
/ three  45°  notches . 
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Vrensile  specimen  0.25  in.  diam; 

1 impact  specimen  lOx  10  mm  with 

/ three  45°  notches. 
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Notch  impact  value,  m-kg/cm.®  ®-85°F. 


Iron  and  steel,  low-temperature  propert  ies — Continued 


[280] 


MALLEABLE  CAST  IRON 
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Table  24. — Iron  and  steel,  therml  expansion 
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^Base  temperature  18°C  instead  of  20°C*  '*20°  to  60°C. 

•^Base  temperature  0°C  instead  of  20°C.  ® Base  temperature  25°C  instead  of  20°C. 

° 20°  to  650°C.  ^Instantaneous  coefficient  of  linear  expansion. 


NICKEL  STEELS — Continae<j 
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ALLOY  CAST  IRONS 
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PURE  A.ND  INGOT  IRONS 
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(>.f46,  s 0.025....  Itar,  1 in.  iliam,  hot-rolled /fl.SfJ  (100°C) 


Table  25. — Iron  and  steel,  electrical  and  thermal  properties — Continued 
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Tahir  25.  — Iron  and  steel,  electrical  and  thermal  properties — Continued 
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MOLYRnENUM  STEEL 


"NICKEL  STEELS 
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SI  I ICON  STKKI  S — Continueri 
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MAHKABTK  CAST  IRONS 
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Magnetic  properties  of  commercial  permanent  magnet  alloys  [-lOfiT 
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VIII.  LEAD  AND  LEAD  ALLOYS 


(295) 
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Table  27. — Classification  of  some  lead  alloys  (1942) 

[Specifications  are  changing  frequently;  the  sponsoring  organization  should  be  consulted  for  tlie  latest  revision] 
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^Corroding  lead,  formerly  grade  I.  ‘^Maximum. 

'Chemical  lead,  fonuerly  grade  II.  ^Ordnance  Department,  U.  S.  Army. 

'Conimon  lead,  formerly  grade  III. 


Table  28. — Lead  and  lead  alloys,  normal-temperature  properties 

[For  a dlscussioti  of  the  Indefiniteness  of  values  reported  for  yield  strength  and  particularly  for  "proportional  limit"  see  pages  5 and  6.  Hardness  numbers  are  Brinell  numbers  unless  prefixed 
Rg,  Rj,,  etc.  (Rockwell  B,  Rockwell  C,  etc.);  S (Scleroscope)  ; V (Vickers).  Impact  value  determhied  by  Charpy  method  unless  prefixed  Iz  (Izod  method).] 
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LEAD-ANTIMONY  ALLOYS  — Continued 
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LEAD-BARIUM  ALLOYS 


LEAD-BISMUTH  ALLOYS  (SEE  ALSO  FIG.  131) 
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Haigh  tension-compression.  ®30  kg  load,  1/4  in.  ball,  red  scale. 


LEAD-CALCIUM  ALLOYS— Contlnueil 
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LEAD-TELLURIUM  ALLOYS 


LEAD-THALLIUM  ALLOYS 
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®Haigii  tension-compression. 

^Rate  of  strain  0.25  (in. /in.) /minute. 

^Rate  of  strain  0.018  in. /minute. 

^Rate  of  strain  0.60  (in./ln.) /minute. 

‘‘Bate  of  strain  0.5  in. /minute  (free  head  speed). 


LEAD-TIN  ALLOYS  — Continued 
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Rate  of  strain  0.5  in. /minute  (free  head  speed) . ^Bate  of  strain  0.1  in. /minute 


Antimony,  Percent 


Figure  130.  — Tensile  strength  and  hardness 
of  Lead-antiviony  alloys  (Schumacher  and 
Biers  [d21]) . 


Curves;  1,  rod,  extruded  to  1 1/4  in.  di- 
ameter and  aged  approximately  2 weeks 
at  room  temperature.  Rate  of  strain, 
1/4  in.  per  minute;  2,  cast,  rate  of 
strain  not  given. 


to  I 


0 


Figure  131.  — Tensile  properties  and  hardness  of  lead- 
bismuth  alloys  [Thompson  [d27]). 


Test  bars. 


1/2  in.  diameter,  chill-cast  and  containing 
less  than  0.2%  impurities. 


Rate  of  strain,  1/2 


per  minute  (head  speed). 
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10 




0 0.05  0.10  0.15  O.dO  0.55 

Ca/cium,  Percent 

Figure  132. — Tensile  strength  of  Lead-caiciun 
alloys  (Briggs  \680]) . 

Aged  at  room  temperature  1 week,  then  at  212°F 
for  18  hours. 


Figure  133.  — Tensile  properties  and  hardness  of  lead-tin 
alloys  (Thompson  [U27i), 

Test  bars,  1/2  in.  diameter,  chill-cast. 

Rate  of  strain,  1/2  in.  per  minute  (head  speed.) 


[306] 


Brinell  Number 


TAni.R  2'd  .—Comparat  ive  properties  of  tin-base,  lead-base,  and  lead-si  Iver-base  babbitts  [447] 
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Table  :ii,~Lead  and  lead  alloys,  hi§h-temperature  properties 
[See  also  tigs.  104,  135,  and  13G] 
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Fi CURE  134.  — Compressi  ue  strength 
and  hardness  of  a I ead-caLciun 
and  of  a tin- ant inony- copper  alloy 
( tin  base  babbitt)  at  high  temper- 
atures (Melhuish  [59]). 

Curves:  1,  Sn  88%,  Sb  8%,  Cu  4% 

(babbitt);  2,  Pb  98%,  Ca  2%. 


FiGiiREl35.  — Short-time  tensile  properties 
of  a I e ad-  antimony- tin  alloy  (babbitt) 
at  high  temperatures  ( Greenwood  [522]  ) . 


(Elongation  in  4 /area) 


Sb  14.9%,  Sn  5.05%,  Cu  0.09%,  As  0.06%. 
C(iill-cast  from  450°F.  Rate  of  strain, 
0.013  in.  /minute. 


Figure  136, — Short-time  tensile 
properties  of  a lead- tin- antimony 
alloy  at  high  temperatures  (Green- 
wood [522]). 

(Elongation  in  4 /area) 

Sn  39.8%,  Sb  10.5%,  Cu  1,03%,  As  0.08%, 
Fe  0.04%.  Cl)ill-cast  from  450"F. 
Rate  of  strain  0,013  in. /minute. 
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Ehncfaf/on  and  Reduction  of  ArerOi  Percent 


■Lead  and  lead  alloys,  lou-temperature  properties 


! 


Csl 

CO 

-Cd 

a 

£-< 


oi 


««  >5 

o 


J=l 

I 


<D 


E O lO 

o o ^ 

c:  I I 


i 


c 


/ 


[312] 


( 


I 

j 

,1 

i 

'f. 

i' 


i 

i 

1 


I 

I 

i 

I 


[313] 


Table  34.— teod  and  lead  alloys,  electrical  and  thermal  properties 
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.171  (-216. 6°C). 

.013  (-2.'58.7°C). 

Temperature  coefficient  of  thermal  conductivity  pe: 
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IX.  MAGNESIUM  AND  MAGNESIUM  ALLOYS 
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Tarie  35. — C iass  i f icat  ion  of  some  magnes  iura  a I toys  (194-2! 
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[For  a discussion  of  the  indefiniteness  of  values  reported  for  yield  strength  and  particularly  for  "proportional  limit"  see  pages  5 and  6.  Hardness  numbers  are  Brinell  nujobers  unless  prefixed  H 
K.,  etc.  (Rockwell  B,  Rockwell  C,  etc.);  S (Scleroscope)  ; V (Vickers).  Impact  value  determined  by  Charpy  method  unless  prefixed  Iz  (Izod  method).] 
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MAGNESIUM-ALUMINIJH-C/VDMIUM  ALLOYS' 


magnesium  and  wasnes  ium  alloys,  norma  I -temperature  properties — Continued 
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M AGN  ES I UM-COPPER  ALLOYS  — Continued 
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MAGNESIUM-SILICON  ALLOYS  (SEE  ALSO  FIG.  14,6) 


MAGNES  IUM-THAIMUM  ALLOYS  (SEE  FIG.  148) 


[325] 


Figure  137,  — Effect  of  annealing  on  the  tensile  prop- 
erties and  hardness  of  cold-rolled  magnesiim  (Jones 
and  Pome  1 1 [_68 1]  J . 

(Yield  strength,  0.1%  perm) 

Sheet,  0.064  in,,  cold-rolled  (25%  red,),  annealed  1 

hour. 

A,  Parallel  to  rolling  direction;  B,  perpendicular  to 
rolling  direction. 


[326] 


Reduction  hy  RoHirK^,  Percent 


Reduction  by  Rolling , Percent 


Figure  138.  — Effect  of  co  Ld~  rolling  on  the  tensile 
properties  and  hardness  of  nagnesiitm  (Jones  and 
Powell  [681]). 

(Yield  strength,  0.1%  perm) 

Sheet,  annealed  1 1/2  hours  at  840“F  and  cold-rolled 
to  0.004  in. 

A,  Parallel  to  rolling  direction;  B,  perpendicular  to 
rolling  direction. 
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Vickers  Number 


Figure  139.  — Tensi  i e properties  and  hardness  of  magnesiim- 
alutninvM  alloys  containing  small  amounts  of  manganese  (Wood 
[682]). 

(Yield  strength,  0.2?  offset) 

Mn  0.  1-0.3%.  A,  Sand-cast;  B,  sand-cast  and  solution  heat- 

t reated. 
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Brinell  Number  Brinell  Nurmber 


Figure  140.  Tensile  properties  and  hardness  of  extruded 
nagne siun-aluninim  alloys  containing  small  amomts  of 
manganese  (Wood  [68^). 

c 

(Yield  strength,  0.2%  offset) 

Mn  0.1-0. 3%. 


Figure  141. — Tensile  properties  of  rolled  magnesium- 
alirninim  alloys  (McDonald  [55 3]  j. 

Curves:  1,  annealed  to  maximum  ductility;  2, 

cold-rolled  to  maximum  yield  strength. 
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Brine II  Number 


Figure  142.  — Tensile  properties  of  rolled 
nagne  sium-cadnium  alloys  (McDonald 
[585];. 

Curves:  1,  annealed  to  maximum  ductility; 
2,  cold-roiled  to  maximum  yield  strength. 


Figure  143. — Tensile  properties  of  rolled  nagnesiim- calcium 
alloys  (McDonald  f58V];. 

Curves:  1,  annealed  to  meiximum  ductility;  2,  cold-rolled 

to  maximum  yield  strength. 
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Figure  14A.—  Tensile  properties  of  rolled 
nagnesium- copper  alloys  (McDonald  [683}). 

Curves:  1,  annealed  to  maximum  ductility;  2, 

cold-rolled  to  maximum  yield  strength. 


Figure  145. — Tensile  properties  of  rolled 
nagnesivM-nickel  alloys  (McDonald  [683}). 

Curves:  1,  annealed  to  maximum  ductility;  2, 

cold-rolled  to  maximum  yield  strength. 
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Silicon,  Percent 


Figure  146.  — Tensile  properties  of  extruded 
n ague  si  vm- silicon  alloys  ( Aitchison  [.685]  J. 


Figure  147.  — Tensile  properties  of  rolled-na^nesiun- si  Iver 
alloys  (McDonald  [683]). 

Curves:  1,  annealed  to  maximum  ductility;  2,  cold-rolled 
to  maximum  yield  strength. 


[332] 


Figure  148. — Tensile  properties 
op  rolled  nagnesiun- that  liwn 
alloys  (McDonald  [553]  1. 

Curves:  1,  annealed  to  maximum 

ductility;  2,  cold-rolled  to 
maximum  yield  strength. 


Figure  149.  — Tensile  properties  of_  rolled 
magnesium- tin  alloys  (McDonald  [6831). 

Curves:  1,  annealed  to  maximuiti  ductility;  2, 

cold-rolled  to  maximum  yield  strength. 


% 
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Zinc,  Percent 

Figure  150.  — Tensile  properties  of  rolled 
■magnesium,- zinc  alloys  (McDonald  [683]). 

Curves:  1,  annealed  to  maximum  ductility;  2, 

cold-rolled  to  maximum  yield  strength. 
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Tablr  37. — Magnesium  and  magnesium  alloys,  hi§h-temperature  propert  ies 
[for  a discussion  of  the  indefiniteness  of  values  reported  for  yield  strength,  see  page  5.  See  also  figs.  151  to  157,  inclusive] 


545875  O - 43 


22 


[335] 


Temperature,  Degrees  F 


Figure  151.  — Short-tine  tensile  properties  of  ex- 
truded uo.gnesivM  at  various  temperatures  (lempLin 
and  Paul 


Figure  152.  — Short-  tine  tensile  properties  of  an  ex- 
truded magnesium- aluninvM  alloy  at  high  tempera- 
tures (Templin  and  Paul  [d77]  ) . 


(Yield  strength,  0.6%  extn) 
Al  4%,  Mn  0.3%. 
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Figure  153. — Short- tine  tensile  prop- 
erties and  hardness  of  a wrought 
nagnesimt-aluninun-zinc  alloy  at 
high  t enperatures  (Yosskuhler 
[686] ) . 

(Yield  strength,  0.  2'J) 

A1  6%,  Zn  n. 


Figure  154.  — Short-  tine  tensile  prop- 
erties and  hardness  of  a sand- cast 
nagnesiun-  aluninun-zinc  alloy  at 
high  tenperatures  (VossHuhler 
[_686] ) . 

(Yield  strength,  0,2%) 

Al  6%,  Zn  3%. 
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Brine! I Number 


F’igure155, — Short-time  tensile  prop- 
erties and  hardness  of  a na^nesivm.- 
alvMinyn- zinc  alloy  at  high  temper- 
atures ( Vosskuhler  [686]). 

(Yield  strength,  0.2%) 

A1  S%,  Zn  0.5%.  A,  Sand-cast;  B,  die- 
cast. 
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Figure  157.  — Short- tine  tensile  prop- 
erties of  a wrought  nagnesium- 
nan^  me se- cerium,  alloy  at  high  tem- 
peratures [ Vosskuhler  l686]). 

(Yield  strength,  0.2%) 

Mn  2%,  Ce  0.5%. 


Figure  156. — Short-tine  tensile  proper- 
ties and  hardness  of  a n agnesiun- 
nmgmese  alloy  at  high  temperatures 
(Vosskuhler  [6861). 

(Yield  strength,  0.2%) 

Mn  2%.  A,  Sand-cast;  B,  wrought. 
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Etonp  anoT  Red  of  FIrea,  Percent 
Brine  1 1 Number 


discussion  of  the  indefiniteness  of  values  reported  for  yield  stren^jth  see  pajie  5.  Hardness  numbers  are  brineli  numbers  unless  prefixe<l  Bp,  Bp,  etc.  (BocBwell  B,  Rockwell 

(Scleroscope) ; V (Vickers),  Impact  value  determined  by  Charpy  method  luiless  prefixed  Iz  ([zod  methotl).] 
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Notch  impact  value,  m-kg/cm^. 

Modulus  of  elasticity,  6,400  kips/in.^  (room);  6,300  kips/in.^  (-40°F) . 


Figure  158.  — Tensile  properties  of  a wrought  magnesiun- 
aliMinvM- zinc  alloy  at  low  temperatures  (Beck  LUSBl). 


(Yield  strength,  0.2%;  elongation  in  10  diam) 


A1  65,  Zn  15. 
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Modulus  of  Elasticityi  Kipsji 


Magnesium  ani  magnesium  alloys,  thermal  expansion 
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40. — Magnesium  and  m^nes  mm  alloys,  electrical  and  thermal  properties 
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X.  NICKEL  AND  NICKEL  ALLOYS 
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Table  — Nickel  and  nickel  alloys,  normal-temperature  properties 

[For  a discussion  of  the  indefiniteness  of  values  reported  for  yield  strength  and  particularly  for  "proportional  limit"  see  pages  5 and  6.  Hardness  numbers  are  Brinell  numbers  unless  prefixed 
^tc.  (Roclovell  B,  Rockwell  C,  etcj  ; S (Scleroscope) ; V (Vickers).  Impact  value  determined  by  Cliarpy  method  unless  prefixed  Iz  (Izod  method),] 
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NICKEL-CHROMIUM  ALLOYS  — Continued 
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NICKKL-COPPI'P.  AI.T.OYS — rontimie.l 
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NICKEL-MOL>'BDriNI!M  ALI  OYS 
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nickel-zihconiuai  alioy 


50  60  70  80  90  100  HO 

Rockwell  B Number 

Figure  159.  Relation  between  Rockwell  number  and  tensile 
properties  for  commercial  ly  pure  nickel  [687]). 

(Yield  strength,  0.2%) 

A,  Rod,  hot-rolled  and  cold-drawn;  B,  sheet  and  strip, 
cold-rolled. 
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Figure  160. — Effect  of  annealing  on  the  tensile  prop- 
erties and  hardness  of  cold-draim  nickel  (Mochcl 
[«57] ) . 


Co  0.39%,  Cu  0.17%,  Mn  0.16%,  Fe  0.128%,  C 0.10%, 
Si  0.0  26%,  P 0.011%.  Rod,  7^8  in.  diameter. 
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Brine II  Number 


Figure  1 61.— ^//ect  of  cold- drawing  on  the 
tensile  properties  of  nickel  and  nickel- 
manganese  alloys  (kudge  [_U96l ) . 

Curves;  1,  Fe  0.20%,  Mn  0.15%,  C 0.10%, 
Si  0.07%,  Cu  0.05%,  S 0.005%;  2,  Mn  4.65%, 
Fe  0.20%,  Cu  0.10%,  C 0.10%,  Si  0.10%, 
S 0.005%;  3,  Mn  15.00%,  Fe  0.25%,  Si  0.20%, 
C 0.12%!  Cu  0.  10%,  S 0.005%. 
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/60 


0 400  doo  /eoo  looo  ^ooo 


/^nneoZ/ng  Temperature,  Degrees  F 

Figure  162. — Effect  of  azineating  on  the  tensile  properties 
of  hard-draun  Conner  cial  nickel  wire  (Ransleyand 
Snithells  [688]). 

(Elongation  in  1.6  in.) 

Co  0.45%,  Si  0.24%,  Fe  0.22%,  Mn  0.21%,  Mg  0.09%,  C 0.036%, 

S 0.033%.  Cold-drawn  (75%  red.),  annealed  5 minutes  in 
hydrogen. 

Curves'.  1,  0 . 014  8-in.  - diameter  wire;  2,  0. 00  17-in. -diam- 

eter wire. 
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E/ongaf/on,  Percent 


Figure  163,  — Te7isi  le  properties  0/  mrou^ht 
nicke  L- chromum  aiLoys  at  normal  and 
high  temperatures  (Jenkins,  TapselL, 
Austin,  and  Rees  [6892). 

Rod,  1/2  in.  diameter,  hot-rolled  at 
2,  280“-2,  190°F  from  1 1/4  in.  diameter. 

Curves;  1,  tested  at  room  temperature; 
2,  tested  at  1,  470°F. 
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0 /O  20  30  ^0  50 

Copper,  Percent 

Figure  164. — Tensile  properties,  impact  value,  and  hard- 
ness of  wrought  nickel-copper  alloys  (Broniewski  and 
Kulesza  \_6d8'\). 


( E long at  ion  in  10  diam) 

A,  Annealed  IM  hour  at  1,020°F;  impact  tests  on  samples 
forged  at  2,  01 0°- 1,  470°F;  B,  cold-worked  (40%  red. 1 . 

Note:  These  tests  were  made  on  samples  from  small  experi- 
mental melts  and  the  properties  are  somewhat  different 
from  those  of  comniercial  alloys.  See  figure  165. 
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FidijRk  165.  — Tensile  properties  and  endurance  Limit  of 
laroupht,  annealed  commercial  nickel-copper  alloys 
fit'ise 

iKndurance  limit  at  10**  cycles! 


F'lfitmR  166.  — Effect  of  annealing  on  the 
tensile  properties  of  a c old- dr  auri. 
tuckel-coppcr  alloy  (Mudge  [69ijl. 

(Yield  strength,  0.5%  extn' 

Cu  30%.  Fe  1.4%,  Mn  L0%.  C 0.15%,  Si  0.10%, 

s o.on. 

Fod,  1 1/2  in.  diameter,  cold-drawn  (20% 
red. ),  annealed  3 hours. 
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Tabie  4c — nickel  and  nickel  alloys,  tiigti-temperature  properties 

Eor  a discussion  of  Uie  indefiniteness  of  values  reported  for  yield  strength  and  particularly  lor  "proportional  limit",  see  pages  5 and  6.  Hardness  numbers  are  Brinell  numbers  unless  prefixed  R 

B,,,  etc.  (Rockwell  B,  Rockwell  C,  etc.);  S (Scleroscope)  ; V (Vickers).  See  also  figs.  127  and  167  to  173,  inclusive..; 
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Figure  167.  — Short-tine  tensile  properties  of  hot- 
rolled  annealed  nickel  at  high  temperatures 
(Geiger  [d86] ) . 

(Yield  strength,  0.2%  offset) 


Tempercfture,  Degr^’es  F 


Figure  1 68. — Shor  t-  tine  tensile  properties  of  a 
nickel- chromium,  alloy  at  high  temperatures  ( Quier 
[692]). 

(Elongation  in  0.75  in. I 

Cr  20.5'*,  Si  1.25%,  Mn  1.0%,  Fe  0.5%,  C<0.08%.  Rod, 
1/4  in.  dianeter,  hot-rolled  and  annealed. 
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Temperaturei  Degrees  F 


Figure  169.  — Torsional  properties,  impact  value, 
and  endurance  limit  of  a ni  eke  I- chromium 
alloy  at  high  temperatures  (Pilling  and 
Worthington,  [69^). 

Cr  19.04%.  FeO.88%,  Si  0.10%,  Co.09%,  S 0.012%. 
Rolled. 


Figure  170. — Shor't-tine  tensile  properties  of  a 
hot-rolled  nickel-copper  alloy  at  high  tempera- 
tures [.d83]). 

(Yield  strength,  0.2%  offset) 

Cu  30%,  Fe  1,4%,  Mn  1.0%,  C 0.15%,  Si  0.10%,  S 0,01%. 
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Charpy  Impact,  ft- Ho 
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I r,i  Kii  17  1,  — u','20  r r i wc’  f.  ro  perties  oj  a 

!ii  L ize i- ropp^  r- aiununum.  allC/  ^it  hi^h  teiKperatures 

kS3\. 


(Yield  strength,  0,2c  offset) 

u 291,  Al  2,75'1,  Fe  Si  0,51,  Mn  0.41,  C 0,15%, 

S 0,  005%.. 

A,  Hot-rolled;  B,  hot-rolled  and  age-hardened. 
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Elongation  and  Redu c tion  of /irea.  Percent 
Tensile  Sfrengt/ii  Pips /in/ 


F'KiiRE  172, — Short-tine  tensile  properties 
of  a 'nickel- iron- chroniun  alloy  at  high 
temper atnres  ( Quier  [692]). 


F'ioiiREl73. — Short- tine  tensile  strengths  of 
nickel-nolybdenim-iron  alloys  at  hign  temper- 
atures (Field  [d97]). 


Curves;  1,  Mo  30%,  Pe  5%;  2,  Mo  20%,  Fe  20%. 
Rolled  and  annealed. 


(Elongation  in  0.75  in.) 

Fe  21.25%.  Cr  16.0%,  Mn  2.5%,  Si  1.25%. 
C<0.12%.  Rod,  1/4  in.  diameter,  hot- 
rolled  and  annealed. 
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Table  44. — Nickel  and  nickel  alloys,  low-temperature  properties 

[_For  a discussion  of  the  Indefiniteness  of  values  reported  for  yield  strength  see  page  tj.  Hardness  numbers  are  Brinell  numbers  unless  prefixe.i  Rg,  R^,  etc.  (Rockwell  B,  Rockwell 

S (Scleroscope)  ; V (Vickers).  Impact  value  determined  by  tnarpy  method  unless  prefixed  Iz  (Izod  method).] 
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NICKEL-COPPER  ALLO'YS 
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Enciurance  limit  (6x10*^  cycles):  Room,  35.7  kips/in. 38.4  kips/in. ^ Modulus  of  elasticity:  75°F,  25,500  kips/in. -50®F,  25,800  kips/in. ^ Modulus  of  elasticity  in  shear:  75°Fj 
,400  kips/in. 2;  -50°F,  9,500  kips/in. ^ * 

Notch  impact  value,  m-k^cm.*’ 


Table  At:  .—Mckel  and  nickel  alloys,  thermal  expansion 


1 


' ’H  O h* 


05  . (D 
CO  • lO 


^ • CO 
CO  • to 


0>  • 0) 
lO  • lO 


lO  • o 
lO  • in 


to  CO 


S w 
« o 


O Cl 

<0  f' 


o O 


O lO  lO 


<0  • CO 
•t  • *1- 


: :: 


00  o 


O 'JT  T}* 


Ci  • O 


«o  cft  r- 

O CO  CO 


05  GO  • GO 
r5  CO  • CO 


—I  -r  CO  <o  eg  CO 

CO  CO  eg  CO  CO  CO 


00  CO  Oi  • C'l  00  CO 

o eg  CM  • eg  og  01  eg 


8S 


O O CO 

lO  o o 

o 

*-*  o o 

Oo  o 

ic  o 

-H  r-  ?1 


"S  a 

I 


3 * 

• • • ^ 

• 0 

• 75  • 

* ’ 1 .c 

• 13 

* 1 £ 

s 

*.03 

. c CO  . . 

• 1%  = = 

• • § 

rs  1 

3 t 

I 03  I 

. c 

: : ^ c 8 : 

• 8 c 73 

• -H  01 

70 

0) 

^ c I 

• ,3  in  • • 

• X • 

: : ^ 

■av 

3 03 


C O C 
•H  O C 

0,8  ' 
• O 5 
O 


CO  T . 

o 6 • 
o o c 

o o < 
5^c 


^5 

8^ 

5 

• y 

5 

5806 
5 o 


CO  o 
CO  0-  u 


<l>  O X 
U.  LO  w 

»•  eg  8 


O C'l 


5 o 00 

;3 


• ^ o, 

£-  C^  5 *7  ^ 


CO  T 
X c> 
eg  o 

S3 


o o 

^ s 

Li.  5 <u 


in  CO  05 

C7>  o 05 


S,  e 


05  o o 

e,  CO  10 

O O CO 


•05  o 

0 c_/ 


O C* 

»•  -H  Gj  • 'H 
55  C/5  Li,  CO  e,  C/} 


55  I 

in  o CO  D 55  o . 


3~. 


D ei  < 

’ 3 ^ 3 ' 


Q in 

SS 


CO 
CO  'v 
CO  rp 

8 • 

eg  o 

3^ 


55  o 
CO 

CM  eg 

CO  CO 


?5  f3  S; 

CO  CO  CO 


X 05 

r- 

cg  ej 

CO  CO 


eg  CO  '5' 

?iS?5  S 

CO  CO  CO  CO 


[370] 


O 'O  u . • 

® S S o 

-t  55 


o o o o 


BB  .3 

cd  (i^  0^ 


O tli  V 

8 3°o  8 

cc  CQ  rj  c 


[371] 


Table  .—Nickel  and  nickel  alloys,  electrical  and  thermal  properties 
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XI.  TIN  AND  TIN  ALLOYS 
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Table  48.  — Tin  anrl  tin  alloys,  normal-temperature  properties — Continued 
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TIN-S ILVER  ALLOYS 
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'Si 


Figure  llA.—  Tensile  proper  ties  and  hardness  of 
tin- anti  711  ony  alloys  (Hanson  and  Pell-»lalpole 
L5p<5i ; . 


(Rate  of  strain,  0.1  (in, /in. ) fminute) 


Polled  (80%  red.  ) and  aged  1 month  at  roan  tem- 
perature. 


B/smulh,  Percent 


Figure  17f.  — Tensile  properties  op  tin-Oi^muth 
alloys  (Hanson  and  Sandford  [697]). 

(Rate  of  strain,  0.4  ( in. / i n. ) /mi nu te ) 


Strip,  0,1  in.,  cold-rolled  from  casting  (80%  red.) 
and  aged  13  days  at  room  temperature. 
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Figure  176.  — fensi ie  strength  and  hardness  of  tin- 
cadmium  alloys  (Hanson  and  Pel  I- Walpole  [698'}). 

(Rate  of  strain,  0.4  ( in. / in.  ) fminutel 
Strip,  0 . 1 in. 

Curves;  1,  cold-rolled  from  casting  (80%  red.  ), 
aged  2 months  at  room  temperature;  2,  quenched 
from  320°F  and  aged  3 months  at  room^temperature 
or  quenched  and  aged  4 hours  at  212  F. 


Added  Element,  Percent 


Figure  177.  — Effect  of  various  ele- 
ments on  the  tensile  strength  of 
tin  (Hanson,  Sandford,  and  Stevens 
[69.9]  ) . 

(Rate  of  strain,  1 5/32  in. /minute) 

Strip,  0.1  in.,  cold-rolled  (80%  red.) 
and  aged  15  days  at  room  temperature.' 
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ndurance  Limit,  Hipslin. 
^ensile  Strength,  Kipslin, ' 


Figure  17  3.  — Effect  of  an.tim,ony  on  the  tensile  strength, 
hardness,  and  endurance  Unit  of  a tin-copper  alloy 
(McHaughtan  [7001 ). 


(Rate  of  strain,  1,2  in. /minute;  endurance  limit  at 
2 X lo'^  cycles) 

Cu  3.5%,  Pb  0.25%,  As  0.03%,  Cast  from  660°F  into 
mold  at  300°F, 
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fin  and  tin  alloys,  creep  properties  at  room  temperature 
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fin  ani  tin  alloys,  ni^n-temperature  properties 

[See  also  fig.  134] 
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Rate  of  strain  0.013  in. /minute.  ^Gage  length  -4/area. 


Tin  and  tin  alloys,  thermal  expansion 
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Table  52. — Tin  ani  tin  alloys,  electrical  ani  thermal  propert  ies 
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XII.  ZINC  AND  ZINC  ALLOYS 
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Ail  appendix  to  the  American  Society  for 
Testing  Materials'  specification  for  rolled 
zinc  [525]  gives  the  following  tests  which 
have  been  used  in  the  zinc  industry  to 
some  extent  for  the  determination  of  the 
properties  of  tlie  material: 

(a)  "Dynamic  Ductility  Test 

"Al.  Apparatus . — The  dynamic  ductility  machine 
for  conducting  the  dynamic  ductility  test  Is  a 
modified  Inclinable  power  press  fitted  with  an  ad- 
justable die...  . The  speed  of  the  machine  shall 
be  85  to  90  oscillations  of  the  plunger  per  minute. 

"A2.  Test  Specimens. — (a)  The  test  specimen 
shall  consist  of  a strip  cut  across  the  full  width 
of  a ribbon  or  sheet,  the  width  of  the  strip  being 
approximately  3 1/2  in.  When  this  results  In  a 
specimen  of  less  than  12  In.  in  length,  as  from 
narrow,  unsllt  ribbon  zinc,  two  specimens  3 l/2  In. 
in  width  shall  be  cut. 

"(6)  Test  specimens  from  narrow  strips  such  as 
ribbon  or  sheet  zinc  after  slitting  shall  be  cut  to 
20- In.  lengths. 

uNotb.  — The  construction  of  the  machine  will 
not  permit  test  specimens  of  greater  thickness  than 
0.060  In. 

"A3.  Procedure. — (a)  The  temperature  of  the 
test  specimen,  testing  machine,  and  room  shall  be 
kept  within  70  and  90  F.  throughout  the  test.  The 
specimen  shall  be  Inserted  In  the  machine  and 
firmly  clamped.  The  testing  shall  be  started  at 
one  end  and  the  strip  moved  with  each  successive 
cup.  The  series  of  cups  shall  be  along  the  middle 
line  of  a 3 1/2- in.  strip  so  that  clamping  will  be 
uniform  around  the  cup  as  it  Is  formed.  With  the 
motor  running,  the  clutch  snail  be  thrown  In, 
lowering  the  plunger,  which,  with  the  die  in  the 
clamp  base-,  presses  the  cup  in  the  test  strip.  If 
the  cup  does  not  show  rupture,  the  plunger  shall  be 
advanced  by  increments  of  0.005  In.  and  the  cupping 
repeated  with  each  Increased  depth  until  rupture 
occurs.  Having  determined  the  rupturing  point 
additional  cups  sliall  be  formed  as  a check.  The 
rupturing  point  shall  not  be  considered  to  be  that 
point  where  an  open  crack  is  formed,  but  where  the 
drawing  of  the  bottom  of  the  cup  has  Just  caused 
'necking'  of  the  surface  prior  to  rupture...  . 

"Note.— An  experienced  operator  should  be  able 
to  determine  the  point  of  rupture  after  two  or 
three  trial  cups. 

"(6)  The  depth  of  the  cup  at  which  rupture  Just 
occurs  shall  be  read  from  the  micrometer  attachment 
on  the  plunger  and  reported  as  the  dynamic  ductil- 
ity of  the  specimen.  The  average  ductility  of  the 
test  specimens  shall  be  considered  the  dynamic 
ductility  of  the  shipment. 

"Note. — The  micrometer  attachment  on  the 
plunger  mechanism  measures  the  distance  that  the 


plunger  extends  beyond  the  zero  point.  The  zero 
point  Is  where  no  Impression  would  be  made  on  the 
test  strip.  The  clamp  base  Is  adjusted  for  the 
varying  thicknesses.  The  micrometer  attachment  also 
serves  to  advance  and  withdraw  the  plunger. 

(b)  "Temper  Test 

"A4.  Apparatus. — The  apparatus  consists  of  a 
temper  test  machine...  . 

"A5.  Test  Specimens. — Duplicate  test  specimens 
shall  be  cut  from  each  sample  and  shall  be  rectan- 
gular in  shape  and  cut  accurately  to  1 1/2  in.  in 
width  by  4 31/32  in.  in  length,  with  the  length 
taken  in  the  direction  of  rolling.  With  ribbon 
zinc  the  duplicate  test  specimens  shall  be  cut  from 
adjacent  places  across  the  width  of  a sample. 

"Note. — The  construction  of  the  machine  does 
not  permit  test  specimens  of  greater  thickness  than 
0.035  in. 

"A6.  Procedure. — (a)  The  temperature  of  the 
test  specimens,  testing  machine,  and  room  shall  be 
kept  within  70  and  90  F.  throughout  the  test.  The 
specimens  shall  be  Inserted  to  the  full  depth  of 
the  vise  of  the  mandrel  and  securely  held  by 
tightening  the  vise.  The  diameter  of  the  mandrel 
is  2 1/2  in.  Inserting  the  test  specimen  as 
specified  to  the  full  depth  of  the  vise  leaves 
extended  a length  exactly  one-half  the  circumfer- 
ence of  the  mandrel.  In  the  rotation  of  the 
mandrel  the  test  specimen  is  pressed  by  the  contact 
arm  against  the  mandrel.  When  the  outer  or  free 
end  passes  the  contact  arm.  It  springs  out  accord- 
ing to  its  temper.  The  speed  of  rotation  of  the 
mandrel  shall  be  between  50  and  55  r.  p.  ra.  With  the 
motor  running,  the  clutch  shall  be  thrown  in, 
rotating  the  mandrel  counterclockwise.  When  the 
outer  end  of  the  specimen  has  passed  the  contact 
arm,  the  rotation  of  the  mandrel  shall  be  stopped 
by  throwing  out  the  clutch.  The  mandrel  shall  be 
turned  to  the  100  percent  position  which  is  in- 
dicated by  a mark  on  the  mandrel  and  the  fixed 
pointer,  and  the  percentage  of  temper  shall  be 
read  from  the  position  of  the  outer  end  of  the 
specimen  on  the  underlying  graduated  scale,  con- 
sisting of  a half  circle  graduated  counterclockwise 
from  O to  100  percent. 

"(6)  The  duplicate  specimen  shall  be  similarly 
tested  and,  in  order  to  eliminate  the  effect  of  the 
curvature  of  the  specimens  due  to  coiling,  shall  be 
Inserted  in  the  vise  in  the  reverse  position  to 
that  of  the  first  specimen.  That  is,  if  one  speci- 
men is  inserted  and  pressed  with  its  curvature 
toward  the  mandrel,  the  duplicate  specimen  should 
be  inserted  with  Its  curvature  away  from  the 
mandrel. 

" (c)  The  average  of  the  readings  on  two  test 
specimens  shall  be  reported  as  the  temper  of  the 
material.  " 
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PURE  AND  COMMERCIAL  Z INC— Continued 
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Rate  of  strain;  0.5  In. /minute.  ^Impact  value,  cm-kg/cm.^  die-( 


ZINC-ALUMINUM  ALLOYS— Continued 
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ZINC-COPPER  ALLOYS  (SEE  ALSO  FIGS.  182  AND  183) 
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ZINC-MA.NGAMKSE-COPPER  ALLOY 
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Reduction  by  Rollint^i  Percent 


F'igI)RE  179.  — Effect  of  cold- rolling  on  the  tensile 
properties  and  hardness  of  e lectro lytic  zinc 
( Chadwi  ck  [70  Ij ) . 

(Yield  strength,  0,2%  permanent  set;  rate  of  strain 
in  tensile  test,  0,25  in. /minute  above  yield 
point;  rate  of  creep  measured  in  (in. /in.  ) /minu  te 
on  2 in,  gage  length  under  load  of  5 kips/in. 

Pb  0,005%,  Fe  0.0035%,  Cd  0,003%.  Curves:  1,  as 

rolled;  2,  rolled  and  aged  1 month  at  room  tem- 
perature. 
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FiGtjRE  180,  — Compressive  strength  of 
cast  zinc  ( Rigg  and  Williams  [70  511. 
(Rate  of  strain,  0.0319  in. /minute;  test 
specimens  1 in.  diameter,  2.6  in.  long) 
Cast  from  895°F. 

Curves'.  i,  Pb  0.040%,  Fe  0.015%;  2, 
Pb  0.192%,  Fe  0.016%;  3,  Pb  0.474%, 
Fe  0.013%:  4,  Pb  0.484%,  Fe  0.031%; 
5,  Pb  0.9%,  Fe  0.02%,  Cd  0.26%;  6, 
Pb  1.3%,  Fe  0.05%,  Cd  0.06%. 


Figure  181.  — Tensile  properties  of  zinc-aluminim 
alloys  (Bayer  [55911. 

Sheet,  0,04  in.,  cold-rolled  (67%  red.). 
Curves;  1,  parallel  to  rolling  direction;  2,  per- 
pendicular to  rolling  direction. 
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Elongation,  Percent 


Tens/le  Strengthi 


Copper,  Percent 


Figure  IQZ.  — Tensi  Le  properties  o/  zinc-copper  alloys  (Bayer 

[529] ; . 

Sheet,  0.04  in.,  cold-roLled  101%  red.). 

Curves:  1,  parallel  to  rolling  direction;  2,  perpendicular 

to  rolling  direction. 


Figure  183. — Effect  of  cold-rolling  on  the  tensile  prop- 
erties, hardness,  and  dynamic  ducti  lity  of  a zinc- 
copper-magnesiurn.  alloy  (Kelton  and  Edmunds  [537]  J. 

Cu  1.01,  Mg  0.011.  Sheet,  0.040  in. 
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Yield  and  Tensile  Strengths,  Kips/ in, ^ YieldandTensile  Strengths,  Hipsjin. 


Figure  184. — Tensile  properties  and  hardness  of 
zinc- silver  alloys  ( Addicks  [i59]J. 

(Yield  strength,  0.2%  offset) 

Sheet,  0.040  in. 

A,  Annealed  1 hour  at  7B0°F;  B,  cold-rolled 
(30%  red.). 
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Elongation  in  E in,.  Percent  Elongation  in  E in,.  Percent 

Vickers  Numher  Vickers  Number 


Table  55. — ^nc  and  zinc  alloys,  creep  properties 

[For  short-time  elevated-temperature  prnyterties,  see  figs.  18.'5,  1H6,  ajid  187] 
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Tensile  Sfrenc^th,  Kips/ in, 


>0 

.1 


I 

Uj 


fiGVKE  185.—  Short- tine  tensile  properties 
of  zinc  at  high  temperatures  (Mderson 
17031). 

(Rate  of  strain,  0,285  in, /minute) 

Pb  0,065%,  Pe  0,01%. 

Curves:  1,  with  grain;  2,  across  grain. 


Temperaturei  Degrees  F 


Figure  186. — Short-tine  tensile  properties  of  a die- 
cast  zinc- aliminun-copper-ncunesivni  alloy  at  vari- 
ous temperatures  (Anderson  1703}). 

(Rate  of  strain,  0,02  in. /minute) 

Al  4.67%,  Cu  2.89%,  Mg  0.09%,  Pe  0,015%. 


Figure  187, — Inpact  values  of  zinc-alloy 
die- castings  at  various  temperatures 
(Bayer  end  Burkhardt  [536}) 

Curves:  1,  il  4.0%,  Mg  0.04%;  2,  Al  4.0%, 
Cu  0.5%,  Mg  0.-04%;  3,  Al  4,0%,  Cu  1.0%, 
Mg  0.04%;  4,  Al  4.0%,  Cu  2.7%,  Mg  0.0  4%. 
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Elongation  in  E in.,  Percent 


■Hnc  and  zinc  alloys,  low-temperature  properties 
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Zinc  and  zinc  ailoys,  thermal  expansion 
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XIII.  MISCELLANEOUS  METALS  AND  ALLOYS 
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National  Bureau  of  Standards. 


[Kor  a discussion  of  the  indefiniteness  of  values  reported  for  yield  strength  anil  particularly  for  "proportional  limit"  see  pages  5 and  6 . Har>lness  numbers  are  Brinell  numbers  unless  prefixed 
Rg,  R^,  etc.  (Rockwell  B,  Rockwell  C,  etc.);  S (Scleroscope) ; V (Vickers).  Impact  value  determined  by  Charpy  method  unless  prefixed  Iz  (I^al  method).] 
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CADMIUM  /VND  CADMIUM  ALLOYS 


[411] 


flate  of  strain  0.5  in. -'minute  (free  cross-heait  speeil)  . *^Kftte  of  strain  6 percent -'’minute . ‘’Rate  of  strain  0.05  (in.  -'in.)  -'minute.  Notch  impact  value  m k^A 


COBALT  AND  COBALT  ALLOYS — Continued 
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GOLD-COPPEK  ALLOYS— Continued 
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GOLD-PLA.TINUM  A.LLOYS 


GOLD-SILVER  ALLOYS  — Continued 
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MA.NGANESE  AND  MANGANESE  ALLOYS 


[417] 


200-g  load,  10  sec.  ^ Gamina  modification,  stable  between  2,175°^  and  the  melting  point. 


PLATINUM  AND  PLATINUM  ALLOYS  (SEE  ALSO  FIGS.  L90  TO  194j  INCLUSIVE) 
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[419] 


'Rftte  of  strain  0.05  (in. /in.) /minute. 


SILVER  AND  SILVER  ALLOYS— Continued 
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[421] 


^Reported  in  the  literature  as  "llaby  Rrinell"  niunber. 


T/VNTA.LUM;  TELLURIUM;  THORIUM;  T ITA.N I UM— Continued 
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URA.NIUM;  ZIRCONIUM 


ISO 


100  I 

I 

5(7  I 


0 


AnnecfUnq  Tempemture,  Degrees  F 


Figure  188, — Effect  of  annealing  on  the  tensile  properties 
and  hardness  of  hard-dra^n  palladium  (Vines  [^99] j. 


'5i 


•V) 

,s: 

QQ 


Figure  189.— Tensile  strength  and  hardness  of  palladium- 
si  Iver  alloys  (Vines  CV99ll7, 


Curves:  1,  annealed;  2,  hard. 
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/ 


6 old,  Percent 


6 old,  Percent 

Figure  190. — Fensi  Le  properties  and  hardness  of  pLatinim- 
goLd  alloys  (Fines  \U99"\). 

A,  Annealed;  B,  hard-rolled  (50‘i  red_). 
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Brine II  Number  Brine II  Number 


Tensile  Strenc^fhiKipsl'inT  « Tensile  Strengih,  Kips /in, 


Iridivrrii  Percent 


191. — Tensi  Le  strength  and  hardness  of  pLatinim- 
indiim  at  toys  (tines  {_U99l ) . 

Curves:  1,  annealed;  2,  hard. 


Figure  192. — Tensile  strength  and  hardness  of  pLatinwn- 
patiadium  at  toys  (Vines  [_d99']). 

Curves;  1,  annealed;  2,  hard. 
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Tensile  Strenc^th,  KipslinT  2 Tensile  Strength,  KipsHn. 


Rhodium,  Percent 


JRE  193. — Tensile  strength  and  hardness 
pLatimm- rhodium  alloys  (Vines  [U99}). 

Curves:  1,  annealed;  2,  bard. 
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Tungsten,  Percent 


Figure  194. — Tensile  strength  and  hardness  of 
platinum- tungsten  alloys  (Vines  [d99]). 

Curves;  1,  wire  or  sheet  annealed  5 minutes 
at  2,  190°F;  2,  wire  or  sheet,  cold-worked 

(50%  red.  ), 
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Vickers  Number  ^ Brinell  Number 


Tensile  Strength,  Kips/in,"  Rockwell  Number 


Reduction  by  Rolling,  Percent 


Figure  iQb.  — Effect  of  cold-roLLing  on 
the  tensile  strength  and  hardness  of 
annealed  silver  and  s i Iver- copper 
alloys  (Leach  end  Christie  [70d^) . 

Curves:  1,  Fine  silver;  2,  Sterling 

silver,  Cu  7,5%;  3,  800  fine,  Cu  20%; 
4,  720  fine,  Cu  28%. 
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Figure  196. — Tensile  properties  and  hardness  of  wrought 
si  Lver- copper  alloys  (Broniewski  [65i\) . 


(Elongation  in  10  diam) 

Annealed  12  hours  at  1,  200°F  and  air-cooled. 
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I 


Manganese , Percent 


Figure  197. — Tensile  propert  ie  s and  hardness  of 
si  Iver-nanganese  alloys  (Addicks  [J29]j. 

(Yield  strength,  0.2%  offset) 

Prepared  with  electrolytic  manganese. 

A,  Sheet,  annealed  1 hour  at  1,  290°F;  B,  sheet, 
0.040  in.,  cold-rolled  (30%  red.). 
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Ytd  and  Tns  5tr,  Kips  jin,  ^ Yield  and  Tensile  Stren^lhs,  Kips  jin. 
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Figure  198. — Tensile  properties  and  hardness  of  stiver- 
silicon  alloys  ( Addicks  \_12T^\). 

(Yield  strength,  0.2%  offset) 

A,  Sheet,  annealed  1 hour  at  1,  290°F;  B,  sheet,  0.040  in., 
cold-rolled  (30%  red.). 
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Co  halt,  PercenT 


Figure  199. — Effect  of  cobalt  binder  on  the  compressive 
properties,  transverse  rupture  strength,  endurance 
Limit,  impact  value,  and  hardness  of  tungsten  carbide 
(Engle  [5^}. 

(Endurance  limit  at  2X10^  cycles;  impact  value  measured 
on  unnotcbed  specimens  approximately  IM  in.  square, 
broken  in  a Charpy  machine) 


545875  0-43  -28 
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Table  61. — Low-melting  alloys  L591J 

[Arranged  in  order  of  increasing  melting  point. J 
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Composition,  percent 
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discussion  of  the  Indefiniteness  of  values  reported  for  yield  strength  see  page  5.  Hardness  rrimbers  are  Hrinell  numbers  unless  prefixed  Rg,  R^,  etc.  (Rockwell  B,  Rockwell 

S (Sclcroscope) ; \!  (Vickers).  -See  also  figs.  200  to  209,  inclusive.] 
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[435] 


Figure  200,  — Short-tine  tensile  strength  and  hardness 
of  cobalt- chranivM- tungsten  alloys  at  high  temper- 
atures (IHssler  [557]). 

Curves:  1,  Co  45-55%,  Cr  30-36%,  V 12-17%;  2,  Co  >55%, 
Cr  <33%,  W <6%. 


< 
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Special  Brin  ell  Number 


Figure  201, — Short-tine  tensile  properties  of  nolyb- 
denvM  wire  at  high  temperatures  (Highriter  [.52]). 

Curves:  1,  wire,  drawn  (93?  red,.)  at  1,  830 °-2,  375°F, 

not  recrystallized,  fibrous  in  structure:  2,  ma- 
terial 1,  heated  2 seconds  in  hydrogen  at  66%  of 
fusion  current,  average  grain  diameter  0,0053  mm; 
3,  material  1,  heated  5 seconds  in  hydrogen  at  90% 
of  fusion  current,  average  grain  diameter  0.03  rm 
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E Percen  t 


Figure  202.  — Short-tim  tensile  properties  of  palladiiM 
and  a p all  odium- r ho  diun-  nithenivm  alloy  at  high 
temperatures  (Vise  and  Bash  1705} ). 

(Rate  of  strain,  1/2  in. /minute  cross-bead  speed) 


Wire,  0.060  in.  diameter, 


annealed  6 minutes 


at  2,010°F. 


Curves:  1,  Pd  99.9%;  2,  Ru  4%,  Rh  1%. 
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Figure  203.  — Short- tine  tensile  properties  of  plat 
nvM  at  high  temperatures  (Vise  and  Sash  [,705]). 

(Rate  of  strain,  1/2  in. /minute  cross-head  spee 
Pt  99.9%.  Wire,  0,-050  in,  diameter,  annealed  5 mi 

ntes  at 


Figure  204, — Short-tine  tensile  prop  erties  of  a 
platinm-iridiun  and  a platinim-nickel  alloy  at 
high  temperatures  (Wise  and  Sash  [_705]). 

(Rate  of  strain,  1/2  in. /minute  cross-head  speed) 

Wire,  0.  05  0 in.  diameter,  annealed  5 minutes  at 
2,  010°F. 

Curves:  1,  Ni  4. 5-5.0%;  2,  Ir  5 ±0.1%, 
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Elongation  in  ^ in  and  Reduction  of  Area,  Percent  ' ' Eiong  in  £ in.  and  Red  of  Area,  Percent 


I 

$ 

I 

I 

.s: 

■5 

I 


Figure  205.  — Shor  t- tine  tensile  properties  oj  a 
pi atinim- rhodium  and  a platinum-palladium-rhodiun 
alloy  at  high  temperatures  (hlise  and  Eash  [705]). 

(Rate  of  strain,  1/2  in. /minute  cross-head  speed) 

Wire  0.050  in.  diaiteter,  annealed  5 minutes  at  2,  010”F. 

Curves;  1,  Rh  10  ±0.1%;  2,  Pd  20  ±0.2%,  Rh  5 ±0.1%, 
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Temperature,  Degrees  F 


Figure  206. — Short-  tine  tensile  properties  of  silver  and 
si  I ver- copper  alloys  at  high  temperatures  (Leach  \.?06^). 

Sheet,  0.064  in.,  cold-rolled  (505  red.). 

Curves:  1,  Fine  silver,  Ag  99.94-5;  2,  sterling  silver. 

Cu  7.3%;  3.  coin  silver,  Cu  10.0%. 
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Temjoerciture,  Degrees  F 


Figure  207.  — Short-tine  tensile  properties  of 
tungsten  vdre  at  hi^h  temperatures  (High- 
ri  ter  [52]  ) . 

Curves:  1,  thoria-free  wire;  2,  thoriated  wire, 
ThOg  0.75%;  3,  thoriated  vfire,  ThOg  1.6%;  4, 
Pintsch  single-crystal  vire,  ThOg  2%. 


Elongation,  Percent 


Temperature,  Degrees  F 

Figure  208.  — Short-tine  tensile  properties  of  tungsten 
idre  containing  0.75  percent  ThC 2 o,t  hi^h  tempera- 
tures (Ei^hriter  [52}). 

Curves:  1,  0.025  in.  diameter,  cold-drawn  (97,5%  red,), 
not  recrystallized;  2,  material  1 recrystallized  in 
hydrogen  at  3.  625°F;  3,  0.028  in  diameter,  cold- 
drawn  (56%  red,),  not  recrystallized. 
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Figure  209, — Hardness  of  connerciaL  ce- 
mented carbide  at  toys  at  high  temper- 
atures (EngLe  [52]). 

Curves:  1,  predominantly  WC  with  TiC  + 7% 
Co;  2,  predominantly  WC  with  TaC  + TiC 
+ 11%  Co;  3,  predominan tly  WC  with  TaC 
+ 13%  Co;  4,WC94%,  Co  6%  (linegrain); 
6,  WC  94%,  Co  6%  (coarse  grain);  6,  WC 
87%,  Co  13%;  7,  predominantly  WC  with 
TaC  + TiC+6%  Co. 
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Miscellaneous  metals  and  alloys,  low-temperature  properties 
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Coerficient  of  linear  expansion  per  degree  centigrade 
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GOLD  A.ND  GOLD  ALLOYS 
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545875  O - 43 


■^Coefficient  of  cubical  expansion. 
'^(»®  to  50°C. 


Miscellaneous  metals  and  alloys,  thermal  expansion  — Continued 
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SODIUM;  TA-NTiVLUM  AND  TANTALUM  CARBIDE 


TITA.NIUM;  TUNGSTEN  4ND  TUNGSTEN  ALLOYS 
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A-NTIMONY  A.ND  ANTIMONY  ALLOYS 
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COBALT  AND  COBALT  ALLOYS 
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Miscel laneous  metals  and  allots,  electrical  and  thermal  properties — Continued 
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‘This  value  is  aljiha  of  the  t^enemi  equation, 
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RHODIUM  AND  RHODIUM  ALLOYS 


I 


III 

g£8 


w ol 


O -*  CO  N — 

iiiil  I 


CO  Oi  05  CO 

CD  » d •<#<  CO  ■ 


„??? 

o -H  r5 

iiili 


<;•§ 


2S 

a;  s; 


sS 


g S S S§SS|SSgSSSSS|| 


GGo 

fs?  Ill 

SiSf: 

^ ^ rf  CO  CO  CO 


II  If  I 

SS  88  S 


II 

g:1 


88 

SS 

$8 


a;  5 


SSoo^% 

^ c\j  CD  CO  ^ 
lO  05  in  d -H 


mill 

o CO  00 


MM 


CD  CD  » in  05 

in  CO  CD  r-  CO  o 


s s 


iili 


li 


Hi 

O CD  -M 


8 , 

8GGt88G 

SesSSSs 

sg8g:ass 

-H  OJ  CD  O)  0}  CD  CD 


8oG^g8G 

SssSSSo 


-H  CO  X 07  CD  in  in 

8P;!i28?;^ 


incD^$^coo5ddo)2T' 


s i : J§§ 


333385  3 3 3 3 3 3 3 5 5 £ :s:s;8 


SSSSSSKSS8S3S3S 


g g 


|5  liii 

Sg  S2“3 


StcJCiO 

8 rH  Tt  o:  r- 


3 3 3^8 


=llll 

si:c!c;£j 

assess 

2 <x  OJ  O)  -H 


5 S 
3 3 


[455] 


'’The  temperature  coefficient  of  thermal  conductivity  la  -1.0  (0°-100°C)  and  3.L 


TANTALUM;  THALLIUM;  TITANIUM;  TUNGSTEN;  ZIRCONIUM— Contlruied 
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XIV.  APPENDIX 
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Some  physical  properties  of  the  elements 
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“Computed.  '^At  36  atmospheres. 

^Volue  depends  on  the  crystal  orientation  in  “From  20®  to  100°C. 

polycrystalline  material.  ^At  30  atmospheres. 

“From  20°  to  60°C. 


fihysical  properties  of  the  elements — Continued 
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2.  Abbreviations  used  in  This  Circular 


a-c  air-cooled. 

ann annealed. 

ASTM American  Society  for 

Testing  Materials. 

Btu British  thermal  unit. 

°C  degree  centigrade. 

cal  calorie. 

CC combined  carbon. 

cm  centimeter. 

cm-kg/cm^ ...centimeter  kilogram 

per  square  centimeter. 

comp compression. 

dlam diameter. 

deg degree. 

dyn  duct,  dynamic  ductility. 

electro electrolytic. 

el  11m elastic  limit. 

elong elongation. 

end.  11m endurance  limit. 

extn'* extension  under  load. 

°F degree  Fahrenheit. 

f-c furnace-cooled. 

ft-lb foot-pound. 

g gram. 

GC  graphitic  carbon. 

hr  hour. 

h-t heat-treated. 

lACS International  Annealed 

Copper  Standard. 

In inch. 

Iz® Izod. 

long longitudinal. 

min minute. 

m-kg/cm^ meter  kilogram  per 

square  centimeter. 

mm millimeter. 

mod-el modulus  of  elasticity. 

No number. 

norm normalize. 

o-d .'outside  diameter 

(tubing) . 

o-q oil-quenched. 

Perm'* permanent  set. 

pro  11m proportional  limit. 

Rg,  Rq,  etc.® Rockwell  B number, 

Rockwell  C number,  etc. 

red.® ..reduction  of  area. 

rem remainder. 

r-t room  temperature. 

S®_ Scleroscope  number. 

SAE Society  of  Automotive 

Engineers. 

sec second. 

soln  h-t solution  heat-treated. 

spec specification. 

str strength. 


^ Used  In  yield  strength  column. 

® Used  as  a prefix. 

® Used  also  for  reduction  In  thickness  In  rolling 
sheet  or  for  reduction  In  area  In  rolling  or  draw- 
ing rod  or  wire. 


TC total  carbon. 

tns  str tensile  strength. 

tor  str torsional  strength. 

trans transverse. 

V® Vickers  number. 

w-q water-quenched. 

yld  pnt yield  point. 

yld  str yield  strength. 


®Used  as  a prefix. 


3.  Conversion  Factors 


Multiply 
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To  obtain 

CTTi 
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0.1383 
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Ib/ft  ® 

g/cm®  

0.03613 

lb/ In.® 

In 

2.540 

cm. 
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kips 

kg 

0.984X10“® 

long  tons  ^ 

kg/niti® 

1.4223 

kips/in. ® 

kg/nin  
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kips 

453 . 59 
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kips 

1000 
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0.4464 
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.7031 

]^:[/rnm  ^ 

long  tons^  . . . 
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kg 
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1.5749 
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mlcrohm-cm  ... 

6.015 

ohms/c Ircular-mil- 
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j 2 
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In.® 
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cm 

4 2 

In 
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watts  cm'  * Of  ’ * 

0.2389 

cal  sec''cm"*°C  * 

watts  cm'  ^ Op- 1 

. 1926 

Btu  sec'*ft'®°F’*ln 

watts  cm'  *'°C‘  * 

693.36 

Btu  hr"*ft'®OF'*in. 

watts  cm'  * °C'  * 

57.78 

Btu  hr'*ft'*°F'* 

Miscellaneous 


Temperature  conversion: 

°C=5/9  (°F-32). 

°F=  1.8°C  + 32. 

'’’used  In  Great  Britain  for  strength  values. 
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Conversion  Factors — continued 


Coefficients  (thermal  expansion,  electrical 
and  thermal  conductivity) : 

a/°C  = a/°Fxl.8 
a/°F=a/°Cx5/9 

Electrical  conductivity: 

1.7241 
microhm-cm 


Atomic  to  weiiht  percentaies  in  binary 
systems: 

lOOy 

X = , 

y + ^ (100 -y) 

wftere 

X = weight  percentage  of  element  of 
atomic  weight  A, 

y = atomic  percentage  of  element  of 
atomic  weight  A, 

100  - i/ = atomic  percentage  of  element  of 
atomic  weight  B. 


Percent  lACS  = 


xlOO. 


Table  68. — Temperature  interconversion  (“c-— •“F)  [673] 

a. — Conversion  table:  deirees  centltrade  to  deirees  Fahrenheit 
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Table  68. — Temperature  interconversion  [673]— Continued 

Conversion  table:  decrees  Fahrenheit  to  decrees  centigrade.  [Single  boldface  figures  indicate  recurring  decimals] 


I 

( 
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Examples:  -246.0°F  = - 151. 1 1 °C  - 3. 33°C  = - IM.-m^C.  = 2071.  I“C+  1. 1°C  =2072. 2 °C.  2423. 5°F  = 1326. 66°C  + 1 .66“C  + 0.27°C  = 1328.61  “C, 
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high  temperature  tensile  properties  of  a 10^  zinc  alloy 141 

hi^  temperature  tensile  properties  of  a 20^  zinc  alloy 141 

high  temperature  tensile  properties  of  a 32^  zinc  alloy 142 

high  temperature  tensile  properties  of  a 37^  zinc  alloy 142 

powder  compacts,  mechanical  properties  of  25^  zinc 130 

tensile  properties  and  hardness  of  sheet 12b 

tensile  properties,  impact  value,  and  hardness  of  wrou^t...  128 

Copper-zinc-aluminura  alloys 100,150,1-56 

Copper-zinc-arsenic  alloys 191 

Copper-zinc-iron  alloys 101,137 , 146, 157 

Copper-zlnc-lead  alloys 101, 137 , 147 

Copper-zinc-manganese  alloys 102,147 


^ [’age 

Copper-ziric-fiickel  alloys 102  150  156 

effect  of  annealing  and  cold-rolling  on  the  mechaiilcal 

properties  ol'  a 19*^  zinc- 18^  nickel  alloy 132 

effect  of  annealing  and  cold-rolling  on  tiie  mechanical 

properties  of  a 27%  zinc-lOfo  nickel'alloy I3l 

Copper- zinc-s3  licon  al  loys 103,156 

Copper-zinc-silver  alloys 104 

Copper-zinc- tel  lurium  al  loys 104 

Coppe  r-zinc- tin  alloys 104, 134,136, 146,150,156 

Copper-zircoriiuti'  alloys 157 

Creep  strength,  definition U 

D 

Uaflifung  capacity,  definition 234 

Definitions  (See  the  properti/  desired) . 

Density  (see  elements). 

Deoxidized  copper  (see  Ca-lcium-li  thium  and  Phosphorus 
deoxidized  coppers) . 


Duralumin  {see  Aluminum-copper-magnes lum-manganese  alloys). 


Dynamic  ductility  (zinc),  definition 392 

Dysprosium,  physical  properties 459 

E 

Elastic  limit,  definition 6 

hJJectrical  bronze 96 

Electrical  conductivity,  definition 12 

Electrical  resistivity,  definition 12 

Electrolytic  iron 174,286 

Electrolytic  tough-pi tch  copper 73, 133,143, 149 

Elements,  physical  properties 459 

Elongation,  definition 6 

bjidurance  limit,  definition 9 

Erbium,  physical  properties 459 

Erichsen  value,  definition 11 

Europium,  physical  properties 459 


F 


batigue  limit  {see  Endurance  limit). 

Flame-hardened  steels  {see  Steels,  various). 

Fluorine,  pliyslcal  properties 459 

Foundry  type-metal 300 

Frary  metal 301 

Freezing  points,  calculation  (see  Steels).  , 

G 

Gadolinii-ini,  pliysical  properties 459 

Gallium 412,446,4-59 

Germanium,  physical  properties 459 

Gilding  inetril 97 

Gold 412,435,446,451,459 

Gold  alloys 412,446,451 

classification 409 

Gold-cadmium  alloys 412,451 

Gold-cobalt  alloys 451 

Gold-copper  alloys 412,446,451 

Cold-nickel  alloys 414 

Gold-palladium  alloys 414,451 

Gold- pi  a ti  num  alloys 415,424,447 ,451 

Gold-silver  adloys 415 

H 

Hafnium,  physical  properties 459 

Hardenability  (see  Jominy  end  quench  test) . 

Hardness,  definitions 

Brinell  number 9 

Rockwell  number 9 

Scleroscope  number lO 

Vickers  number 3 

Hardness  conversion  factors 10 

Hardness  conversion  tables: 

cartridge  brass  (70^  copper-30^  zinc) 72 

steels 168 

Hardness-tensile  strength  relationsliip  for  steels 168 

fleat-treating  terms,  definitions 12 

Helium,  physical  properties 459 

High-strength  brass  {see  Copper  alloys,  nomenclature) . 

Holmium,  physical  properties 459 

Hydrogen,  physical  properties 459 

1 

Illinium,  physical  properties 439 

Impact  value,  definition 10 

Inconel  {see  Nickel  alloys,  classification). 

Indium 416,447,452,4-59 

Indiuni  alloys 452 

International  Annealed  Copper  Standard,  definition... 12 

Invar 209, 28d 

Iodine,  physical  properties 459 

Iridium 416,447,452,459 

Iron 174,252,271,282,286,4-59 

powder  compacts,  effect  of  sintering  temperature  on  tlie 
tensile  properties  and  density 226 
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I rori — Continued 

probfible  li«rdenjn^  efi'ect  of  elements  in  pure 22h 

Iron,  cast,  alloy 2al,26.3,2bl,2t>l,U92 

el  feet  of  various  el  ements  on  tlie  mechanicel  properties Iil9 

hl^h- temperature  tensile  strengtns  and  endurance  limits 270 

Iron,  cast,  malleable 22-1, 2(>n, 201,285,292 

I'elatlon  between  hardness  ajid  tensile  properties 249 

terjsile  properties  end  hardness  of  copper t>5(j 

tensile  properties  of  250 

tensile  proj'erties  of  molybdeniun 250 

Iron,  cast,  plain 22IJ,a63,2HD,  2S  1 ,292 

damping  capacity 234 

effect  of  section  thickness  on  the  compressive  strengtii 217 

effect  of  section  thickness  on  the  mechanical  properties 

of  a permanent  mold 248 

effect  of  section  thickness  on  the  tensile  stren^tli 247 

id gii- tempera tnre  compressive  strength 270 

Iron,  ingot 171,252,271,282,286 

el’fect  of  annealing  and  cold-drawing  on  the  mechanical 

properties 227 

high- temperature  endurance  limits 266 

high- temperature  mechanical  properties 265 

Iron,  wrought 175,2,52,271,282,287 

iligh- temperature  tensile  properties 265 


Jominy  end  quench  test,  definition 173 


Krypton,  physical  properties 459 


lanthanum,  physical  properti^es 459 

Latent  heat  of  fusion  (see  elements) , 

I'ead 298,308,. HO,. 312, 313, 314, 459 

I,ead  alloys  (see  also  low-melting  alloys  and  Soft  solders): 

classi  fication 297 

electrical  properties 314 

mechanical  properties — 

high  temperature 3IO 

low  temperature 312 

normal  temperature 29b 

thermal  conductivity 314 

thermal  expansion 313 

Uad-antimony  alloys  (see  also  Babbitts) 298,307,308,310,313,314 

Idgh- temperature  tensile  properties  of  a 15^  antimony-5^ 

tin  alloy 311 

tensile  strengUi  and  hardness 305 

Lead-barium  alloys ;j00 

Lead-bismuth  alloys 301,309,314 

tensile  properties  and  hardness ;1U5 

T^ead-cadmiiun  alloys 301,308 

Lead-calcium  alloys 301,310,313 

high- temperature  compressive  strength  of  a 2^^  calcium 

alloy 311 

tensile  strength 306 

Lead-copper  alloys 302,310 

I^ead-indium  alloys 314 

I^ad-silver  alloys 302,308,314 

Ijead- tellurium  alloys 302 

lead-thalliuDi  alloys 303,308,314 

Lead-  tin  al  1 oy s 303 , 308 , 31U , 312 , 313 , 314 

high- temperature  tensile  properties  of  a 40"^  tin-pK. 

antimony- 1^  copper  alloy 311 

tensile  properties  and  hardness 306 

linotype  metal 299 

Lipowitz's  alloy 432 

Lithiiim 447,459 

Lithium-calcium  deoxidized  copper 75 

Low  brass  (see  Ck^pper  alloys,  nomenclature). 

Low-melting  alloys  (see  also  Soft  solders) 432 

Lutecium,  physical,  properties 159 


M 

Magjieslum 320 , .'WO,  343, 344,459 

effect  of  annealing  on  the  tensile  properties  and  hardness..  326 
effect  of  cold-rolling  "n  the  tensile  properties  and 

hardness 327 

effect  of  temperaoire  on  the  tensile  properties  of 

extruded 335 

Magnesium  alloys: 

classification 319 

electrical  properties 344 

mechanical  properties — 

high  temperature 335 

low  temperaOire 34O 

normal  temperaUire 320 

tJierma.1  conductivity 344 

thermal  expansion 343 

Magnesium- aluminum  alloys 320, 340,343,344 

high- temperature  tensile  properties  of  a 4%  alujninuM-0. 3;/?, 

manganese  alloy 336 

tensile  properties  of  rolled 329 

tensile  properties  of  cast,  containing  small  aniounts  of 
manganese 328 


M.agnesiuni-aluiiiirium  aUny.s— ( oat  i I 

tpu.sile  [irop^rtie.s  of  Hvtnulod,  cout?iitiiutr  snril]  amounts 

ol  inanganosH 

Magnesium-alui'i  iniiiii-c.idiiii  uio  al  1 oys 32  L 

Maguesium-alnmi  luuii-si  lionn  alloys 

Magnus  ium-aliimiaiim-si  Ivor  a U o,vs 

Magne.sium-al  uin  itiiim-zinc  al  loys 322 , 335,340 , 3 13 , 

high  teaifiorature  tensile  properties  ot  a 1 1 in' iim.n- 1' 

zlur  alloy 

high  temnerature  tensile  properties  of  '1  aluniiniim-J'^ 

ziur  alloy 

high  t'Mn'ier.iture  tensile  jirofierties  of  a b?  al  urn  i niun-O.  .5'^ 

'/iiir  alloy 

low- temperature  tensile  properties  of  a 6?  .aluminum-l^ 

/inc  alloy 

Magnesium-cadmium  alloys 323, 

tensile  properties  ol  rolled 

Magnesium-calcium  alloys 

tensile  properties  ol  rolle«l 

M.ignesium-rerium  all  oys , 323 , 

Magnesiimi-copper  alloys ;.  .323,343. 

tensile  properties  of  rolled 

Magnesium-leatl  alloys 

Magnesiuiii-manganese  alloys 324,335,311,3 13 , 

high  temperature  tensile  properties  of  a 2^  majig.-utese 
alloy 

iiigh-temperature  tensile  properties  ol  a 2^  manganese-0. 5^ 

cerium  alloy 

Magnesium-nickel  alloys 324,343, 

tensile  properties  of  rolled 

Magnesium-silicon  alloys 324 ,335,343, 

tensile  properties  of  extrmled 

Magnesium-silver  alloys 325, 343. 

tensile  properties  ol  rt^lled 

Maenes iui"-thal  1 ium  alloys: 

tensile  properties  of  rolled 

Magnesium- tin  alloys 325,343, 

tensile  properties  of  rolled 

Mag?iesiuni-zinc  alloys 325,341,343 

tensile  proyierties  of  rolled 

Magnesium-zirconium  alloys 

Magnetic  properties  (see  Permanent  magnet  alloys) . 

Manganese ^ I65 1 1^ 

Manganese  alloys 416,447 

Manganese  bronze  (see  Copper  alloys,  noineuc laturel  . 

Majiganirj 

Ma-surium,  physical  properties 

Matrix  alloy 

Melting  points  (see  elements)  • 

Mercury 145 

Misch  metal 

Modulus  of  elasticity,  definitions: 

compression 

shear 

tension 

Modulus  of  rigidity  (see  Modulus  of  elasticity,  shear). 

Moduhis  of  rupture,  definition 

Molybdenunt 417,445, 44*  .453, 

liifeCh-temperature  tensile  properties  of  wire 

Monel  (see  Nickel  alloys,  classification) . 

Monotype  metal 

Muntz  metal 

Music  wire: 

relationship  between  tensile  strengUi  and  diameter 

N 

National  Emergency  steels  (see  Steels,  various) . 

Naval  brass 105,137, 

Neodymium,  physical  properties 

Neou,  physical  properties 

Newton' s alloy 

•yjjckel 350,363,368,370,372, 

effect  of  annealing  on  tiie  tensile  properties  of  cold- 

drawn 

effect  of  annealing  on  the  tensile  properties  of  iiard- 

drawn  wire 

effect  of  cold-drawing  on  the  tensile  properties 

high-temperature  tensile  properties 

relationship  between  hardness  and  tetisile  properties 

Nickel  alloys: 

classification 

electrical  properties 

mechanical  properties — 

high  temperature 

low  temperature 

normal  temperature 

thermal  conductivity 

thermal  expansion 

Nickel-al'iminum  alloys ^•'^1 

Nickel-beryl lliun  alloys 351,370 

Nickel-cliromium  alloys 351,363,368,370 

high- temperature  mechanical  properties  of  a i9^c  ctiromium 

alloy ‘ 

high- temperature  tensile  properties  of  a 20^  chromium-1% 

silicon  alloy 

tensile  properties  of  rolled 

Nickel-cobalt  alloys 
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Page 

Nickel-copper  alloys 352,363,369,370,373 

effect  of  annealing  on  ttie  tensile  properties  of  a 30^ 

copper  alloy 362 

higli- temperature  tensile  properties  of  a 30^  copper  alloy...  365 
high- temperature  tensile  properties  of  a 30fo  copper-2 .75^ 

aluminum  alloy 366 

mechanical  properties  of 361 

tensile  properties  and  etidurance  limits  of  ajinealed 362 

Nickel-iron  alloys 3fW, 369, 37 1,373 

high  temperature  design  strength  for  a 25^  iron-15^ 

chromimn  alloy 270 

high-temperature  tensile  properties  of  a 21*^  iron-16?i 

chromium  alloy 367 

Nickel-manganese  al loys 354 ,371,373 

effect  of  cold-drawing  on  the  tensile  properties  of  a 4.6^ 

majiganese  alloy 358 

effect  of  cold-drawing  ofi  the  tensile  properties  of  a 15^ 

manganese  alloy 358 

Nickel-molybdenum  alloys 355,371 

higli-terop^ature  tensile  properties  of  a 20^^  molybdenum- 20^ 

iron  alloy 367 

high- temperature  tensile  properties  of  a 30%  molybdenuiu-Sf^ 

iron  alloy 367 

Nickel-rhodium  alloys 355 

Nickel-silicon  alloys 355,373 

Nickel-silver  (see  Copper  alloys,  nomenclature). 

Nickel-tantalum  alloys 355 

Nickel-zirconium  alloys 355 

Nitrided  steels  (see  Steels,  various). 

Nitrogen,  ptiysical  properties 459 


0 


Osmium 417 ,453,459 

Oxygen,  physical  properties 459 

Oxygen-free  copper 73,151 


P 


Palladium 417,447,453,459 

effect  of  annealing  on  tiie  tensile  properties  of  hard- 

drawn 423 

high- temperature  tensile  properties 438 

Palladium  alloys 417,453 

higli-teraperature  tensile  properties  of  a 4%  ruthenium- 1'^ 

rhodium  alloy 438 

tensile  properties  and  hardness  of  silver 423 

Pearlitic  malleable  cast  iron  (see  Iron,  cast,  malleable). 

Permanent  magnet  alloys,  magnetic  properties..... 294 

Physical  properties  (see  elements)- 

Phosphor  bronze  (see  Copper  alloys,  nomenclature) . 

Piiosphorus,  physical  properties 460 

Phospho ms-deoxidized  copper 75, 133 ,143,151 

Platinum 418,435,448, 4-51, ‘160 

high- temperature  tensile  properties  of  wire 439 

Platinum  alloys 418,448,454 

nigh-temperature  tensile  properties  of  a 5%  iridium  alloy...  439 

high-temperature  tensile  properties  of  a ^ nickel  alloy....  439 

hi^-temperature  tensile  properties  of  a 20^  palladiiim-S'i^ 

rhodium  alloy 440 

higli-tera7)erature  tensile  properties  of  a 10^  rhodium  alloy..  440 

tensile  properties  of  gold 424 

tensile  strengtn  and  hardness  of  iridium 425 

tensile  strengtii  and  hardness  of  palladium 425 

tensile  strength  and  hardness  of  rhodium 426 

tensile  strengtn  and  hardiiess  of  tungsten 426 

Poisson's  ratio,  definiticn 7 

Polonium,  physical  properties 460 

Potassium,  physical  properties 460 

Powder  metallurgy,  definitions 15 

Powdered  metal  compacts: 

aluminum-magnesium 31 

aluminum-zinc 37 

copper 74,111 

copper- tin 94,95,96,125,126,127 

copper- zinc 98,100,102,130 

iron 175,226 

iron-chromium-nickel 193 

iron-molybdenum-copper 206 

nickel-molybdenum-iron 355 

tungs  ten-coppe  r 449 

tungsten-nickel-copper 422 

Praseodymium,  physical  properties 460 

Processed  cast  iron  (see  Iron,  cast). 

"Proportional  limit,"  definition 6 

Protoactinium,  pliysical  properties 460 

R ' 


Radium,  pliysical  properties 460 

Radon,  pliysical  properties.. 460 

Red  brass  (see  Copper  alloys,  nomenclature). 

Reduction  of  area,  definition 7 

References,  list 465 

Rhenium,  physical  properties 460 

Hliodium 419,448,455,460 

Riiodium  alloys 455 

Rich  low  brass  (see  Copper  alloys,  nomenclature). 

Rose's  alloy 432 


Page 

Rubidium,  physical  properties 460 

Ruthenium 449  46O 


s 


Samarium,  physical  properties 460 

Scandium,  physical  properties 460 

Selenium 448,460 

Shear  strength,  definition 6 

Signal  bronze ' 93 

Silicon,  physical  properties 460 

Silver 419,435,448,455,460 

effect  of  cold-rolling  on  the  tensile  strength  and 

hardness 427 

higii-temperature  tensile  properties 441 

Silver  alloys  (see  also  Hard  solders) 420,433,448,455 

classification .". 409 

effect  of  cold-rolling  on  the  tensile  strength  and 

hardness  of  copper 427 

high-temperature  tensile  properties  of  sterling  silver 

and  coin  silver 441 

mecheinical  properties  of  annealed  topper 428 

mechanical  properties  of  manganese 429 

mechanical  properties  of  silicon 430 

Society  of  Automotive  Engineers,  classificaticxi  of 

constructional  steels 163 

Society  of  Automotive  Ehgineers,  summary  charts 169 

Sodium 448 , 460 

Solders : 

hard,  melting  ranges 433 

soft 377 

Specific  heat  (see  elements) . 

Steels  (see  also  Steels,  various  and  Permanent  magjiet  alloys)  : 
combined  standard  steel  lists  of  the  America/i  Iron  and 

Steel  Institute  and  Society  of  Automotive  Engineers 163 

electrical  properties 286 

freezing  point  calculation 251 

hardness  conversion  table 168 

hardness-tensile  strengtJi  relationship 168 

Jominy  end  quench  test,  definition 173 

maximum  hardness  obtainable  in  quenched  carbon  and  alloy....  172 
mechanical  properties — 

high  temperature 252 

low  temperature 271 

normal  temperature 174 

substitutes  for  constructional 167 

summary  charts — 

relationship  between  hardness  and  tensile  strength 169 

relationship  between  tensile  strength  and  reduction 

of  area 171 

relationship  between  tensile  strength  and  yield  point....  170 

tliermal  conductivity 286 

thermal  expansion 282 

Steels,  various: 

aluminum • 180,273,282 

aluminum-chromium 180,254 

carbon 175 , 252 ,27 1 , 282 , 287 

comparison  of  Bessemer  and  open-hearth  steels  of 

similar  carbon  content 230 

comparison  of  Bessemer  and  open-hearth  steels  of 

equivalent  tensile  strength 231 

compression  of  cast 232 

compressive  strength  of  a 0.1^ 229 

damping  capacity 234 

density  of  hot-rolled  arid  annealed 228 

effect  of  cold-rolling  on  the  tensile  properties  of  a 

0.45^ : 232 

high-temperature  endurance  limits 266 

higii-temperature  tensile  properties  and  endurance  limits 

of  a 0.58?? 266 

mechanical  properties  of  hot-worked 230 

relationship  between  tensile  strength  and  diameter  of 

wire 233 

tensile  properties  of  annealed  ceist 232 

tensile  properties  and  endurance  limits  of  cold-drawn 
wire 233 


effect  of  cold-(}rawing  on  the  tensile  properties  of  12% 

chromium  wire 235 

effect  of  tempering  on  the  tensile  properties  of  12?? 

chromium  wire 235 

high-temperature  endurance  limits  of  12??  chromium 267 

tensile  properties  of  normalized 235. 

chromium-aluminum 185,274 ,283 ,288 

chromium-cobalt 187,288 

chromium-columbium 187,256 

chromium-copper 187 , 274 

chromium-manganese 189 

chromium-molybdenum 190,254 ,273 

chromium-nickel 192,257,274,283,288 

damping  capacity 234 

design  strength 268 

effect  of  cold-drawing  on  the  tensile  properties  and 

hardness  of  an  18^  chromium-8??  nickel  wire 240 

effect  of  cold-rolling  on  the  tensile  and  compressive 

properties  of  an  18??  fhromium-7%  nickel  sheet 239 

effect  of  titanium  on  the  mechanical  properties  of  a 22% 
chromium-12??  nickel 240 
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Steels,  various — Continued 
chromluiti-nlckel — continued 

hlgh-temperature  tensile  properties  and  endurance  limits 

of  a 15‘^  chromium- 13^  nickel-2^  tungsten 

hlgh-temperature  t^sile  properties  of  a 19^o  chromium-?^ 

nickel-4'^  tungsten 

relationship  between  tensile  strength  and  diameter  of 

an  18^  chromlum-8^  nickel  wire 

chromium-nitrogen 195 

chromium-silicon 196 

chromium- titanium 

chromium- tungsten 197,2-55, 

chromium-vanadium 198,273 

chromi urn- zircon! urn 

cobal  200 , 276, 283 , 290 , 

copper 201,258,276, 

' mechanical  properties  of  quenched  and  tempered  cast 

tensile  properties  and  hardness  of  normalized  cast 

tensile  properties  of  normalized  1^  and  2^  copper 

tensile  properties  of  quenched  and  tempered  H and  2^ 

copper 

flame-hardened 178, 182;  191,208,210, 

graphiti 

manganese 203, 259, 276,283, 

tensile  properties  of  normalized 

mol  ybdenum 205, 259, 277 , 283 , 290 , 

high- temperature  tensile  properties  of  a 0.5^ 

tensile  properties  of  quenched  and  tempered 

National  Elnergency  (see  also  Steels,  Combined  standard 
steel  lists  and  Substitutes  for  constructional) . 

mechanical  properties  of  NE  8630 

mechanical  properties  of  NE  8739 

mechanical  properties  of  NE  8749 

mechanical  ])roperties  of  NE  8949 

nickel 207,260,277.283, 

higlv-temperature  endurance  limits 

tensile  properties  of  annealed  and  hot-rolled 

tensile  properties  of  normalized 

nickel-hery'lliiim 

nick^-chromium 209, 261, 278,283, 

damping  capacity 

design  strength 

high- temperature  tensile  properties  and  endiirance  limits 

of  a 20"?^  nickel-8^  chromium 

nickel-chromium- aluminum 

nickel-chromium-molybdenum 212,260, 

high- temperature  tensile  properties  and  endurance  limits 

of  a 2^  nickel-0. 9^  chromiuin-0.45?  molybdenum 

nickel-chromium-siiicon 213,262, 

nickel-chromium-titanium 

ni  ckel-chromium-  timgs  ten 2 14 , 26 1, 

nickel-chromium- vanadium 214, 

nickel -copper 

ni  ckel  -m  anganese 2 15 , 

nickel -molybdenum 215,261,278, 

nickel-slli con 

nickel- vanadium 

nitrided 181, 186, 

silicon 216,262,280,284, 

titanium 

tungs  ten 2 18 , 262 , 280 , 284 , 292 . 

vanadium 

Stereotype  metal 

Strain,  definition 

Straits  tin 

Stress , definition 

Stress-strain  diagram,  definition 

Strontium,  physical  properties 

Sulfur,  pliysical  properties 

Swedish  iron 174, 
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233 
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282 
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283 

243 
242 
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241 

215 
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290 

244 
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244 


236 

236 
238 

237 
291 
267 
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245 
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291 
234 
270 

270 

211 

277 

267 

283 

213 

278 
283 

214 

279 
283 
216 
216 
211 
291 
218 
294 
219 
300 

4 

378 

4 

4 

460 

460 
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Tantalum 421,448,455,460 

Tantalum  alloys 421,448 

Tel  luri  urn 421, 460 

Temper  (zinc),  definition 392 

Temper  designation  (see  Aluminum  alloys  and  Copper  gJloys). 
Temperature  coefficient  of  electrical  resistivity,  definition  12 

Temperature  coefficient  of  thermal  cdbductivity , definition...  12 

Temperature  conversion  (°C< — > °F) 463 

Tensile  strength,  definition 6 

Terbium,  physical  properties 460 

Thai  lium 455 , 460 

Thermal  conductivity,  definition 12 

Thermal  expansion,  definition 11 

Thoriiim 421,  460 

Thulium,  physical  properties 460 

Tin 378,385,387,388,460 

effect  of  various  elements  on  the  tensile  strength 383 

Tin  alloys  (see  also  Babbitts  and  Soft  solders)  : 

classi  fication 377 

electrical  properties 388 

mechanical  properties — 

high  temperature 386 

normal  temperature 378,385 


Tin  alloys — Continued 

thermal  condiictivl  ty 388 

thermal  expansion 387 

Tin-antimony  al  1 oys 307,309, 378, 385, 386, 388 

effect  of  antimony  on  the  properties  of  white  bearing 

metal 384 

high- temperature  compressive  strength  and  hardness  of  an  8^ 

antlmony-4'^  copper  alloy 311 

tensile  propprties  and  hardness 382 

Tin-arsenic  alloys .779 

Tln-ber\llium  alloys 379 

Tin-bismuth  alloys 309,379 

tensile  properties 382 

Tin-cadmi»im  alloys 309,385 

tensile  strength  and  hardness 383 

Tin-copper  alloys 379,388 

effect  of  antimony  on  the  mechanical  properties  of  a 3.5*^ 

copper  alloy 384 

tensile  properties 383 

Tin-germanium  alloys 380 

Tin-indium  alloys 388 

Tin-iroM  alloys: 

tensile  properties 383 

Tin-] ead  al  1 oy s 309 , 3 12 , 380 , 386 , 387 , 388 

Tln-magnesiiim  alloys 387 

Tin-nickel  alloys 380,385 

tensile  properties 383 

Tin-silver  alloys 309,380,385,388 

Tin-zinc  alloys 309,381 

Titanium 422,449,4.56,460 

Torsional  strength,  definition 8 

Tough-pitcii  copper  (see  Electrolytic  tough-pitch  copper). 

Tungsten 422,435,445,449,456,460 

high- temperature  tensile  properties  of  wire 4-42 

high-temperature  tensile  properties  of  wire  containing 

thoria 442,443 

Tungsten  alloys 422,449 

Tungsten  carbide  (cemented) 422,449 

effect  of  cobalt  on  the  mechanical  properties.  431 

hardness  of  commercial  at  elevated  temperatures 4-44 

U 

Uranium 422 , 460 

V 

Vanadium,  physical  properties 460 

W 

Wood's  alloy 432 

X 

Xenon,  physical  properties 460 

Y 

Yellow  brass  (see  Copper  alloys,  nomenclature). 

Yield  point,  definition 4 

Yield  strength,  definition 5 

Young's  modulus  (see  Modulus  of  elasticity  in  tension). 

Ytterbium,  physical  properties 460 

Yttrium,  physical  properties 460 

Z 

Zinc 393,402,404,405,406,460 

dynamic  ductility,  definition 392 

compressive  strength  of  cast 399 

effect  of  cold-rolling  on  the  tensile  properties  of 

electrolytic 399 

high-tanperature  tensile  properties  of  rolled 403 

temper,  definition 392 

Zinc  alloys  (see  also  Brazing  materials  and  Soft  solders)  : 

classification 391 

creep  properties 402 

electrical  properties 406 

mechanical  properties — 

low  temperature 404 

normal  temperature 393,402 

thermal  conductivity 406 

thermal  expansion 405 

Zinc-aluminum  alloys 394,404,405,406 

effect  of  temperature  on  the  Impact  values  of  die-cast 403 

effect  of  temperature  on  the  tensile  properties  of  a 4"% 

aluminum-3‘!S  copper-O.l*^  magnesium  alloy 403 

tensile  properties 399 

Zinc-cadmi\iin  alloys 309,396,406 

Zinc-copper  alloys 397,-402,406,433 

effect  of  cold-rolling  on  the  mechanical  properties  of  a 

1%  copper-0. mangesium  alloy 400 

tensile  properties 400 

Zinc-gold  alloys 406 

Zinc-lead  alloys 404,406 

Zinc-magnesium  alloys -405 

Zinc-manganese  alloys 398 

Zinc-silver  alloys 406 

tensile  properties  and  hardness 401 

Zinc-tin  alloys 398 

Zi  rconlum 422 ,449 , 456,460 
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